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The unsaturated fatty acids in menhaden body oil: 
the Cis, Coo, and C,, series 


W. Srorren and E. H. JR. 
The Rockefeller Institute, New York 21, N.Y. 
[Received for publication August 8, 1959] 


SUMMARY 


Complete structural characterization of the Cis, Cx, and Cz unsaturated acids of menhaden 
body oil is described. The present report brings to 23 the number of chemically defined 
unsaturated acids in this oil, accounting for 95 per cent of the total weight of unsaturated 
acids. Of these 23 acids, 7 have not previously been reported. Pure acids (or mixtures of 
positional isomers) were isolated by fractional crystallization, fractional distillation, counter- 
current distribution, rubber column chromatography, and preparative gas-liquid chroma- 
tography. Acids which were homogeneous in respect to chain length and number of double 
bonds were degraded by oxidative and reductive ozonolysis; fragments were identified by 
gas-liquid chromatography of the carboxylic acids and as addition-products of the aldehydes. 
Our studies of this complex oil, which is composed of more than 44 different acids, provide 
convincing evidence of the great usefulness of gas-liquid chromatography as a preparative 
and analytical procedure. Chemical characterization studies are now feasible on a microscale. 


ji present report marks the completion of 

a study of the fatty acid composition of menhaden 
body oil. Originally undertaken to complement an in- 
vestigation of the nutritional effects of this marine oil 
in man (1), this study was aimed at the isolation and 
complete definition of the chemical structure of its 
unsaturated fatty acids. A previous report (2) de- 
scribed the Cyg acids, and the present report the Cis, 
Coo, and Coo acids. We can account now for more than 
95 per cent of all the unsaturated acids in this oil, 
based on our total quantitative analysis (1) by gas- 
liquid chromatography (GLC). Only the Ci4 monoene, 
traces of odd-numbered acids, and traces of three Coz 
acids remain uncharacterized. In the course of this 
work it was advantageous to determine the GLC 
characteristics of the acids isolated in pure form; their 
retention characteristics and stability on polar and 
nonpolar GLC columns are described elsewhere (3, 4). 
Our isolation and identification procedures have 
been improved and adapted more to a microscale since 
the previous report (2). Figure 1 shows the present 
flow sheet. The starting material was especially pre- 
pared from fresh menhaden bodies and was not con- 
taminated with head, liver, or visceral fats; a complete 
description of this preparation is given elsewhere, as 


*Supported in part by Grant H-2539 of the United States 
Public Health Service. 
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well as a variety of chemical characteristics of the 
oil (1). Low temperature crystallization of the free 
fatty acids yielded the most highly unsaturated acids, 
which were then methylated and separated into chain- 
length groups (Cis, Coo, and Ces) by repeated frac- 
tional distillation (4). Only those fractions which were 
homogeneous in respect to chain length (verified by 
GLC after complete hydrogenation of a small sample 
of each) were used for further steps. The various un- 
saturated esters of each chain length were then sepa- 
rated into groups varying in number of double bonds 
(mono-, dienes, ete.), using a rubber column for the 
methyl esters (6) or countercurrent distribution 
(CCD) (7) of the free fatty acids. The homogeneity 
of each of these fractions in respect to number of 
double bonds was checked in three ways: (a) super- 
imposition of theoretical and experimental CCD 
curves; (b) ultraviolet spectroscopy after isomeriza- 
tion by alkali (8); and (c) GLC on a polar stationary 
phase. 

Having separated the original mixture of most 
highly unsaturated acids into chain-length groups and 
each of these into subfractions which were homogene- 
ous in respect to number of double bonds, the final 
step consisted of identifying the double-bond structure 
of the acids in each of the subfractions. This was ac- 
complished by oxidative ozonolysis with identification 
of all fragments by GLC. The fragment from the car- 
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1% 
al Cig-Tetraene b 
fraction 


Mixture of Cyg- 
unsaturated fatty acids 
from menhaden body oil 


1% 
E 


Eicm,| Cig -Triene c | Cyg-Diene d 
fraction fraction 


232 Na 


250 300 350 250 300350400 
mu my 
Fic. 2. Cis Acids—ultraviolet spectra after isomerization with 
alkali (8): (a) the Cis acid mixture; (b) the Cis tetraene (CCD 
peak D); (c) the Cis trienes (CCD peak C); (d) the Cis dienes 
(CCD peak B). Positions of peaks are italicized. 


boxyl group to the nearest double bond (‘‘carboxy] 
fragment”) and the fragments between double bonds 
(“intermediate fragments”) were identified as dicar- 
boxylic acids, while the “terminal fragment” from the 
terminal methyl group to the nearest double bond was 
identified as a monocarboxylic acid. In a few critical 
cases, terminal fragments were identified and quanti- 
fied as the 2,4-dinitrophenylhydrazones of the alde- 
hydes produced by reductive ozonolysis (9). On the 
basis of these pieces of evidence the double-bond struc- 
tures of the acids in each of the subfractions were 
assigned and their relative proportions calculated. 

In the case of the Cz acids, it proved difficult to 
separate the mixture into cleanly resolved peaks by 
CCD. However, it was possible to use GLC as a pre- 
parative method because of the wide separation 
between pentaenes and hexaenes. By micro-ozonolysis 
of these fractions! and GLC of the mono- and dicar- 
boxylic acids formed, their double-bond structures 
were defined. 


*W. Stoffel, F. Chu, and E. H. Ahrens, Jr. Manuscript in 
preparation. 
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Table 1 lists the fragments determined by oxidative 
and reductive ozonolysis of the Cis, Coo, and Coo un- 
saturated fatty acids in menhaden body oil and the 
proposed structures of the fatty acids in these groups. 
The Cig acids previously described (2) are included 
for sake of completeness. Many of the acids in Table 
1 have been characterized previously by other workers, 
having been isolated from a wide variety of biological 
sources; references to this literature are included. 
However, seven of the acids listed have not been 
described before. 


EXPERIMENTAL 


Separation by Chain Length. Fractional high vac- 
uum distillation (column length 750 mm., 10 mm. 
Hg pressure at the distillation head) (5) was carried 
out on about 50 g. of mixed esters. Small samples of 
distillate were hydrogenated completely with Adams 
catalyst (PtOz) and the homogeneity of chain length 
checked by GLC. The fractions shown to be exclu- 
sively Cis and Coo, respectively, were used for further 
investigation. The esters were colorless oils. The Cy 
fraction had an iodine value (I.V.) of 201, the Cao 
fraction 290. Ultraviolet spectroscopy showed absence 
of conjugated acids, and infrared spectroscopy absence 
of trans acids. After isomerization with alkali, tetrae- 
noic Cis and pentaenoic Cop acids were shown to be 
the most unsaturated components in their respective 
fractions (Figs. 2 and 3). 

Separation by Degree of Unsaturation. Mixed Cis 
esters (5.20 g.) and mixed Coo esters (5.15 g.) were 
saponified, and the free fatty acids were separated by 
CCD (7) into four groups of acids in each case, differ- 
ing from each other only in the number of double 
bonds. A 200-tube all-glass fully automatic machine 
with 10 ml. lower phase volume was used with a 
solvent system of n-heptane : methanol : acetonitrile : 
acetic acid (3:1:1:1). After 680 transfers in the 
Cig distribution, alkali isomerization of aliquots of 
each peak gave evidence that D in Figure 4 was the 
tetraene, C the triene, and B the diene group. That 
peak A (tubes 220 to 250) contained the monoene was 
established by the I.V. of 88; in addition, its GLC 
retention time on a polar stationary phase (ethylene 
glycol adipate polyester, EGA) was identical to that 
of methy] oleate. 

In the case of the Czo distribution, the dienes and 
trienes (Fig. 5, peaks C and B) were well separated 
in 400 transfers and were removed; after 660 transfers 
of the remaining material the tetraenes (Az) and 
pentaenes (A) were separated. The tetraene peak was 
removed and the distribution of the pentaene continued 
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TABLE 1. Srrucrures or UNSATURATED Fatry Acips IN MENHADEN Bopy O1L. TaBLE DreMonsTRATES EvIDENCE ON WHICH ARE 
BASED THE STRUCTURES OF 23 Acips, ComprRIsING 95% oF THE ToTaL WEIGHT OF UNSATURATED Acips IN THis Om. 


Degradation products 
after oxidative Position of | Approx- | Percent- 
Fatty ozonolysis Aldehydes double bonds | imate age in 
Chain hig LV. obtained (numbered relative | original Characterized previously 
acids 
length Renietiain (22) after reductive from amounts |menhaden 
Mono- Di- ozonolysis carboxyl of body 
carboxylic | carboxylic carbon) isomers oil * 
acids acids 
‘ail 
Cig tetraenoic | 405 adipic 6,9,12,15 20 1.9 South African pilchard oil (10) 
(Be malonic 4,7,10,13 1 0.1 herring oil 7 
180- succinic 
185) — 
trienoic 302 pimelic butyraldehyde 6,9,12 5 1.1 rape seed oil (11) 
adipic propionaldehyde | 7,10,13 1 0.2 t 
malonic acetaldehyde 
dienoic 202 | butyric azelaic butyraldehyde 6,9 1 0.4 t 
heptanoic | adipic heptylic aldehyde | 9,12 4 1.6 t 
malonic 
monoenoic | 103 | heptanoic | azelaic 8 1 1.4 t 
caprylic suberic 9 6 8.4 numerous sources (12) 
Cis tetraenoic | 354 | propionic | malonic propionaldehyde | 6,9,12,15 3.2 herring oil (13) 
(LV. adipic 
201) 
trienoic 266 | propionic | malonic propionaldehyde | 9,12,15 4 1.0 linseed oil (12), herring oil (9) 
caproic adipic capronaldehyde | 6,9,12 1 0.3 t 
azelaic 
dienoic 176 | caproic malonic 9,12 4 22 herring oil (9) 
pelargonic | azelaic 6,9 1 0.5 z 
adipic 
monoenoic | 88 | pelargonic | azelaic 9 14.5 numerous sources (12) 
Coo pentaenoic | 405 | propionic | malonic propionaldehyde | 5,8,11,14,17 12.5 cod liver oil (14) 
(.V. glutaric ox liver phosphatides (15) 
290) —-~ 
tetraenoic | 326 | propionic | malonic propionaldehyde | 5,8,11,14 2 0.2 ox liver phosphatides (15) 
caproic glutaric capronaldehyde | 8,11,14,17 3 0.4 : 
suberic 
trienoic 245 | caproic malonic 5,8,11 1 1.0 ox liver phosphatides (15) 
pelargonic | glutaric 8,11,14 1 1.0 ox liver phosphatides (15), rat tissues (16) 
suberic | 
dienoic 163 | caproic malonic 8,11 1 0.6 : . 
pelargonic | suberic 11,14 1 0.6 ox liver phosphatides (15) 
undecane- 
dicarb. 
Coe hexaenoic propionic §| malonic 4,7,10,13,16,19 8.9 herring oil (19), pilchard oil (17), 
oxalic succinic cod liver oil (18), ox liver phosphatides (19° 
pentaenoic propionic | malonic 7,10,13,16,19 2.0 cod liver oil (18), pilchard oil (20), 
pimelic herring oil (9), ox brain phosphatides (21 
ox liver phosphatides (19) 


* Calculations based on the total analysis given elsewhere (1) and on the ratios in the column to the left. For example, in Reference 
(1), Cis tetraenoic acid is reported to constitute 2.0% of total fatty acids, and since this fraction is stated in the present study to be 
made up of two isomers in proportions of 20/1 (approximate), the per cent of each acid in the whole oil is 1.9 and 0.1% respectively. 

j E. Klenk, personal communication. 


t Acids not previously characterized. 


§ Artifact, see text. 
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Fic. 3. Cx Acids—ultraviolet spectra after isomerization with 
alkali (8): (a) the Coo-acid mixture; (b) the Cx» pentaene 
(CCD, tubes 380 to 430); (c) the Cx tetraenes (CCD, tubes 
460 to 500); (d) the Cs trienes (CCD peak B); (e) the Ca 
dienes (CCD peak C). Positions of peaks are italicized. 


for 975 transfers without demonstrating any further 
peaks. The partition coefficient (AK) of the pentaene 
remained constant between 700 and 975 transfers, and 
the theoretical and experimental CCD curves were 
superimposable. 

The ultraviolet absorption spectra after isomeriza- 
tion with alkali (8) of the total mixture and of the 
different groups isolated by CCD are given in Figure 2 
for the Cys series, in Figure 3 for the Coo series, and in 
Figure 6 for the Cos series. It is evident that there was 
no contamination of any fraction by its more highly 
unsaturated homologue. 

The methyl! esters of the Cig and Cs chain-length 
groups also were separated into groups, homogeneous 
in respect to numbers of double bonds, by chromatog- 
raphy on columns (1 X 150 em.) of finely ground 
natural rubber (6), eluting with 10 and 12 per cent 
water in acetone, respectively. Fifty-milligram sam- 
ples of the mixed methyl esters were chromatographed ; 
the chromatograms were monitored by an automatic 
recording differential refractometer; fractions were 
collected automatically. The separations obtained were 
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identical to those produced by CCD. Sufficient mate- 
rial was present in the various peaks for definitive 
degradation studies by micro-ozonolysis.” 

The residue of the fractional distillation of Coo acids 
was subjected to preparative GLC on an Apiezon-M 
column at 197°C, utilizing an ionization chamber de- 
tector (4). Five samples (about 2 mg. each) were 
chromatographed. Despite overloading of the column, 
an excellent separation of Coo penta- and hexaenoic 
acid methyl esters was permitted by the very different 
retention times of these esters (3, 4). The contaminat- 
ing Cop acids and Cz acids present only in trace 
amounts were eluted well ahead of the two major Coe 
acids. These major acids were separately collected; 
their chain length was checked by complete hydro- 
genation (4), followed by GLC of the n-saturated 
products, while the number of double bonds in each 
fraction was verified by ultraviolet spectroscopy after 


Cyg unsaturated fatty acids Monoene 
menhaden body oil =17 
: Heptane/CH,CN: MeQH:AcOH 
350 transfers 
2.5- 
Tetraene 
K=0.46 
Diene 
K=1.12 
Triene 
& K=0.75 
a 
& 05 
| Pemoved \ 
75 100 12 150 175 200 225 250 
a. 
L 680 transfers 
Diene 
1.0+ Triene K- 85 
K=0.63 
180 200 220 240 260 260 300 320 340 360 300 


Tube number 


Fic. 4. Countercurrent distribution (CCD) pattern of 5.20 g.-of 
Cis unsaturated fatty acids from menhaden body oil. Fractions 
B-D were harvested as shown, fraction A from tubes 220 to 250. 


isomerization with alkali. Sufficient materials remained 
for oxidative ozonolysis. 

Procedure of Oxidative Ozonolysis and Identifica- 
tion of Fragments. When 20 to 25 mg. of acids were 
available for ozonolysis, the procedure previously de- 
scribed (2) was used; for 0.5 to 5 mg. samples a micro- 


? See footnote 1, p. 141. 
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Ceo unsaturated fatty acids 
menhaden body oil 
gL System: Heptane/Formamide : MeOH: AcOH 
400 transfers 
6 Pentaene and Tetraene 
Removed 
Triene Diene 
K-90 
2r 
= A 
"7 200 220 240 260 280 300 320 340 360 380 400 
Pentaene 
700 transfers K-142 
ab Tetraene 
K=2.04 
340 360 360 400 420 440 460 460 500 520 
Tube number 


Fic. 5. CCD pattern of 5.18 g. of Co unsaturated fatty acids 
from menhaden body oil. Fractions B and C were harvested 
as shown, fraction A: from tubes 380 to 430, fraction A: from 
tubes 460 to 500. 


technic was applied? The mixed mono- and dicar- 
boxylie acids produced were dissolved in ethy] ether 
and methylated with diazomethane in ether in the 
usual manner (23). After evaporation of solvent, the 
residue was analyzed by GLC. 

GLC was carried out (4) with an ionization cham- 
ber detector, argon as moving phase and EGA as 
stationary phase. Long-chain mono- and C2-Cy dicar- 
boxylic acid methy] esters were best resolved at 173°C, 
the shorter di- and all monocarboxylic acids at 78°C. 
For identification of fragments produced from poly- 
ethenoic acids it was necessary to make analyses at 
both temperatures. In all cases retention times 
matched those of standard samples of Co-Cy methy! 
esters of pure mono- and dicarboxylic acids. 

It was recognized that the recoveries of C.-C; 
monocarboxylic acid methyl esters were less than 
theoretical, due to losses incurred when solvents were 
evaporated. When it was important to establish molar 
ratios of the various fragments produced by ozonolysis, 
the terminal fragments were recovered quantitatively 
after reduction to the aldehydes and formation of the 
2,4-dinitrophenylhydrazones (9). 


RESULTS 


All fractions were obtained as colorless oils. 

C,s-tetraenoic acid fraction (fraction D, Fig. 4): 
n?? 1.4861, IL.V. 354 (22) (calculated for 
362); = 860, 23700 at Amax 300 my. 


*See footnote 1, p. 141. 
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Oxidative ozonolysis yielded propionic, malonic, and 
adipic acids. On reductive ozonolysis propionaldehyde 
was the only aldehyde derived as a terminal fragment. 
The results indicated a single C;s-tetraene with double 
bonds in the 6,9,12,15 positions (numbered from the 
carboxyl carbon). 

Cs-trienoic acid fraction (fraction C, Fig. 4): n? 
1.4665, I.V. 266 (calculated for CigsH3oO2, 272); 
E1% = 725, emax 19900 at Amax 268 mp. Oxidative 
ozonolysis yielded propionic, caproic, malonic, adipic, 
and azelaic acids. On the basis of the ratio of adipic to 
azelaic acid, the two isomers (9,12,15- and 6,9,12-octa- 
decetrienoic acids) were present in proportions of 
about 4 : 1. Reductive ozonolysis yielded propionalde- 
hyde and capronaldehyde, also in a ratio of 4: 1. 

Cis-dienoic acid fraction (fraction B, Fig. 4): 
1.4600, I.V. 176 (calculated for CjsH3202, 180); 
= 775, emax 21400 at Amax 232 mp. Oxidative ozonolysis 
yielded caproic, pelargonic, malonic, adipic, and aze- 
laic acids, indicating the presence of octadeca-6,9- and 
octadeca-9,12-dienoic acids in proportions of 1 : 4. 

C1s-monoenoic acid fraction (fraction A, tubes 220 
to 250, Fig. 4): n 1.4525, LV. 88 (calculated for 
CisH34O2, 89). Oxidative ozonolysis yielded only 
pelargonic and azelaic acids, indicating the structure 
octadeca-9-enoic (oleic acid) as the sole Cig-monoene. 


C22-Pentaene fraction 


T 


S888 88 8 
S888 88 88 


1 1 1 

350 400 450 250 300 350 400 450 
mu mu 
Fic. 6. Cx Acids—ultraviolet spectra after isomerization with 
alkali (8). Left, Co. pentaene; right, C22 hexaene (both isolated 


by preparative gas-liquid chromatography). Peak maxima are 
shown with arrows. 


250 300 


C2o-pentaenoic acid fraction (fraction tubes 380 
to 430, Fig. 5): nj? 1.4890, I.V. 405 (calculated for 
CooH3002, 416); E1% = 695, emax 21400 at Amax 
346 my. Glutaric, malonic, and propionic acids were 
obtained by oxidative ozonolysis, and propionaldehyde 
was obtained by reductive ozonolysis. The results in- 
dicated a single pentaene with the 5,8,11,14,17 double- 
bond structure. 
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Coo-tetraenotc acid fraction (fraction Ag, tubes 460 
to 500, Fig. 5): n?? 1.4880, IV. 326 (calculated for 
CooH3202, 334) ; 125, €max 22000 at Amax 
301 my. Oxidative ozonolysis yielded propionic, 
caproic, malonic, glutaric, and suberic acids. On reduc- 
tive ozonolysis propionaldehyde and capronaldehyde 
were obtained. The results indicated 5,8,11,14- (arach- 
idonic) and 8,11,14,17-acids in proportions of about 
2:3. 

Cyo-trienoic acid fraction (fraction B, Fig. 5): n? 
1.4681, I.V. 245 (calculated for CsoH3,O2, 248) ; 
= 600, 18400 at Amax 268 mp. Oxidative 
ozonolysis yielded pelargonic, caproic, malonic, glu- 
taric, and suberic acids. The two dicarboxylic acids 
were present in about equal amounts. These results 
indicated the presence of eicosa-8,11,14-trienoic and 
eicosa-5,8,11-trienoic acids in proportions of 1 : 1. 

Cyo-hexaenoic acid fraction (preparative GLC): 
E\ = 300, max 10000 at Amax 374 my. Oxidative 
ozonolysis yielded oxalic, propionic, malonic, and 
succinic acids. Oxalic acid was present in only trace 
amounts and is considered an artifact: the mixed acids 
solublé in acetone at —70°C contained no preformed 
conjugation by ultraviolet spectroscopy, but after 
fractional distillation and GLC, the Cos-hexaene frac- 
tion showed 8 to 10 per cent conjugation. Discounting 
the oxalie acid formed by oxidative ozonolysis of the 
conjugated double bonds, the results indicated the 
presence of the 4,7,10,13,16,19-acid as the sole com- 
ponent of this fraction. 

Coo-pentaenoic acid fraction (preparative GLC): 
El”, = 510; emax 17600 at Amax 329 muy. Oxidative 
ozonolysis yielded malonic, pimelic, and propionic 
acids, thus indicating that docosa-7,10,13,16,19-pen- 
taenoic acid was the sole component of this fraction. 


DISCUSSION 


It is striking that for every polyethenoid acid in this 
sample of menhaden body oil a double-bond arrange- 
ment of the divinyl methane or methylene-interrupted 
type (=CHCH,CH=) was found. Moreover, we 
found no evidence of trans acids; conjugated double 
bonds were detected only in the Coe hexaenes in small 
amounts, under circumstances which suggested arti- 
factual changes. In their studies of other marine oils 
and fats from mammalian sources, Klenk and Bongard 
(24) have commented on the consistency of divinyl 
methane rhythm of double bonds in naturally occur- 
ring nonconjugated polyenes. Previously, work by 
Japanese investigators (25, 26) had suggested that 
some marine polyenes show both methylene- and 
ethylene-interruption, but this conclusion is currently 


ascribed to certain laboratory artifacts (27). In the 
present study, total absence of ethylene-interrupted 
double bonds in menhaden polyethenoid acids is dem- 
onstrated in three ways: (a) typical ultraviolet pat- 
terns were seen after isomerization by alkali, yet de 
Surville et al. (28) have shown that ethylene-inter- 
rupted double bonds prevent the occurrence of isomeri- 
zation under the conditions used; (b) upon oxidative 
ozonolysis, succinic acid would be produced as an 
intermediate fragment from a divinyl ethane grouping 
as well as malonic acid from a divinyl methane group- 
ing, yet Table 1 indicates that succinic acid was found 
only twice (Cg tetraene and C22 hexaene) and there 
as carboxy] fragments; and (c) the quantitative results 
obtained after reductive ozonolysis substantiated in 
every case the qualitative information obtained by 
oxidative ozonolysis. 

In fatty acids of unknown structure it is possible to 
define double-bond structure if only three pieces of 
information are assembled (assuming that conjugated 
double bonds have been ruled out by ultraviolet spec- 
troscopy): (a) the number of double bonds by ultra- 
violet spectroscopy after isomerization with alkali, 
(b) the chain length of the acid shown by GLC after 
complete hydrogenation, and (c) the identity of the 
carboxyl fragment after oxidative ozonolysis. Micro- 
methods have been developed which permit the inves- 
tigator to obtain this information on 3 mg. or less of 
an unknown acid;* the value of GLC in microanalyses 
of this type cannot be overemphasized. The validity 
of this shortened procedure for determination of 
double-bond structure depends, of course, on the as- 
sumption that double bonds occur exclusively in 
divinyl methane rhythm. 

It is intriguing to note certain structural similarities 
among the acids in Table 1. If the double bonds are 
numbered from the terminal rather than the carboxy] 
carbon, as suggested by Thomasson (29), it is seen 
that most of the acids are of three types: oleic 
(A 9,10-terminal), linoleic (A 6,9-terminal), and 
linolenic (A 3,6,9-terminal). The most conspicuous 
exceptions occur among the Cig acids, where the un- 
usual positioning of the double bonds suggests the 
possibility that these acids may have been formed 
from Cs acids by loss of two terminal carbons, or by 
dehydrogenation of palmitoleic acid as suggested by 
Fulco and Mead (30). 

The total unsaturated acids‘in menhaden body oil 
comprise 70 per cent of the whole, yet these acids are 
by no means evenly distributed in regard to chain 
length or to degree of unsaturation. For example, the 
Cig unsaturated acids make up 15 per cent; Cys, 22 

“See footnote 1, p. 141. 
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oo, 11 per cent of the 
total acids. Moreover, among these chain length 
groups it is interesting to note that the monoenes 
predominate in the Cyg and Cis groups, while in the 
Coo and Cos groups the penta- and hexaenes are present 
in highest concentration. 

Lacking information on the fatty acid structure of 
the plankton upon which menhaden feed, it is impos- 
sible to know to what extent the fatty acids of men- 
haden body oil reflect the synthetic or rearrangement 
processes of the fish or of the algae. Yet it is tempting 
to speculate that the Cy, and Cig monoenes, both A- 
9 acids, are the progenitors of the more highly un- 
saturated acids, and that the final pattern of distribu- 
tion of acids represents the competition between chain 
elongation by addition of acetate units and progressive 
desaturation toward both ends of the fatty acid chain, 
starting from the A 9 double bond. If Cis monoene is 
elongated by addition of acetate, the A 9 bond in the 
C,s acid becomes A 11 in the Coo series, and A 13 in 
the Cos series. Thereafter, most of the acids shown in 
Table 1 could have been formed by progressive step- 
wise dehydrogenation (always in divinyl methane 
rhythm) on either side of the pivotal double bond. 

The very small amounts of “essential fatty acids” 
in this oil have been noted in a previous publication 
(1); the total amount of linoleic-type acids was 2.6 
per cent, a figure corroborated by the bioassay value 
of 4 units. 


per cent; Coo, 16 per cent; and Coe 
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SUMMARY 


The lipids of myocardium, conducting bundle, and valves of beef heart were investigated. 
The atrioventricular valves contained the highest content of total lipid, most of which was 
triglyceride. The lipids of myocardium and semilunar valves contained the highest amount of 
phosphatides and cholesterol. The plasmalogens were localized predominantly in the phospha- 
tide fraction of the myocardium and conducting bundle. An analysis of the individual phospha- 
tides showed that with respect to the total lipid phosphorus, the polyglycerolphosphatide was 
localized in the myocardium and conducting bundle, sphingomyelin occurred in highest amount 
in the conducting bundle, and lecithin occurred in highest amount in the valves. 


Ds on the lipids of heart tissues are given by 
Mallov and co-workers (1) and are summarized by 
Deuel (2). Little information is available on the 
amount of each specific lipid, in particular the phos- 
phatides. In previous studies quantitative paper and 
column methods for phosphatide analysis were em- 
ployed to study the individual phosphatides of pig 
heart muscle (3) and the cell fractions of pig heart (4). 

In this paper the lipids of ventricular myocardium, 
conducting bundle, and valves of beef heart were in- 
vestigated. The data show significant differences in the 
lipid distribution in the various heart tissues and 
emphasize the distinctive pattern of lipid localization 
in this organ. 


METHODS 


Two beef hearts obtained from animals immediately 
after slaughter were maintained on ice until ready for 
extraction. Portions of myocardium were removed 
from the apex of the ventricles. The larger proximal 
portions of the conducting bundle were carefully dis- 
sected from surrounding muscle and connective tissue. 
The semilunar (pulmonary and aortic) valves and the 
atrioventricular (triscupid and mitral) valves were re- 
moved and freed from muscle, extraneous connective 
tissue, and fat. 

The myocardium, conducting bundle, and valves 

* This work was supported in part from Grant H 2063 from 
the National Heart Institute, National Institutes of Health, 


United States Public Health Service, and by the Life Insurance 
Medical Research Fund. 


were minced and extracted with chloroform-methanol 
as described previously (4). Column and paper chro- 
matography of the lipids were carried out by the 
method of Marinetti and co-workers (3, 4). Choles- 
terol analysis was performed on the nonphosphatide 
fraction obtained by column chromatography. The 
Liebermann-Burchard reaction was employed as de- 
scribed previously (5). Plasmalogens were detected by 
the Schiff test (3). 


RESULTS 


The data on the lipid content of beef heart tissues 
are summarized in Tables 1 to 3. The experiments 
were repeated three times with essentially the same 
results. The data in Table 1 give the gross analytical 
picture of the percentage distribution of the major 
lipid groups on the basis of dry weight tissue. The high 
lipid content of the atrioventricular valves is note- 
worthy, particularly in view of the relatively low lipid 
content of the semilunar valves. 

A more detailed analysis of the lipids of the heart 
tissues is given in Table 2. The content of the lipid 
components is expressed on a relative basis, namely, 
relative to the total dry weight of lipid, rather than to 
the dry weight of tissue. These data clearly show that 
the lipids of myocardium and semilunar valves are 
rich in phosphatides, whereas the lipids of the atrio- 
ventricular valves are predominantly nonphosphatides, 
in particular triglycerides. The difference in the rela- 
tive cholesterol content of the lipids of the heart valves 
is also apparent. 
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The data in Table 2 demonstrate a qualitative dif- 
ference in the plasmalogen! content of the heart tis- 
sues. The plasmalogens are present in the phosphatide 
fraction of all the tissues but they occur in higher 
amount in the myocardium and conducting bundle. 
The plasmalogen content of pig and beef heart has 
been published elsewhere (6, 7). A small amount of 
Schiff positive material was also found in the non- 
phosphatide fraction of myocardium and semilunar 


TABLE 1. Gross Lieip Content or Beer Heart Tissues 


Valves * 
ducting 
cardlum | Bundle AV SV 

Total dry weight 

tissue in mg. 1051.0 270.0 1088.0 590.0 
Total lipid in mg. 128.0 31.0 248.0 22.0 
Total lipid in % 

dry weight 12.1 11.5 22.8 3.7 
Phosphatide ¢ in % 

dry weight 6.6 2.7 | ee 1.8 
Total cholesterol in % 

dry weight 0.8 0.45 0.38 0.65 


* A-V represents atrioventricular valves; S-V represents semi- 
lunar valves. 

+ The phosphatides were determined by column fractionation 
(see Table 2). This fraction also includes cerebrosides. 


valves. In part, some of this lipid material is believed 
to represent free aldehydes that are liberated as a re- 
sult of hydrolysis of the native plasmalogens either 
during the lipid extraction or during column fraction- 
ation. 

The phosphorus content of the phosphatide fraction 
of the heart tissues was low and variable. If this frac- 
tion consisted only of the typical phosphatides, the 
per cent phosphorus should be between 3.6 to 4.0. 
Hence, it is clear that this fraction which is eluted by 
chloroform-methanol and methanol from silicic acid 
columns contains some polar nonphosphatides. Part 
of this material is accounted for by cerebrosides (3). 

The analysis of the individual phosphatides is given 
in Table 3. The amount of each phosphatide is ex- 
pressed as the per cent phosphorus which it comprises 

*The plasmalogen test with the Schiff reagent may not be 
specific for these particular phosphatides; rather it measures 
total available aldehyde. 

? This lipid is believed to be the same as cardiolipin (4). In 


heart muscle and most other tissues it consists of two to four 
components having similar structure and properties. 
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of the total lipid phosphorus. It can be seen that the 
polyglycerolphosphatide? occurs predominantly in the 
myocardium and in the conducting bundle. We have 
previously shown that this phosphatide is localized in 
mitochondria (4) and, moreover, in the rat occurs in 
highest amount in heart muscle (8). 

The lipids of the conducting bundle were found to 
contain less phosphatidylethanolamine than the lipids 
of myocardium. In the case of the heart valves phos- 
phatidylethanolamine and phosphatidylserine were not 
sufficiently resolved on paper chromatograms to ana- 
lyze them separately. However, phosphatidylethanol- 
amine occurred in higher amount in both cases. 

The component having the chromatographic mo- 
bility and staining properties of inositol phosphatide 
was not completely separated from sphingomyelin in 
the case of myocardium. Hence, these two phosphatides 
were analyzed together. Sphingomyelin was, however, 
the major component. 

Although precautions were taken during the extrac- 
tion of the lipids to prevent their degradation, the 
myocardium lipids were found to contain an appreci- 
able amount of lysolecithin. Since the nonphosphatide 


TABLE 2. Cotumn CHroMATOGRAPHY OF BEEF HEART 


Tissue Lirips * 
Valves 
ducting 
Bundle av | gv 
I. Total lipid put on 
column in mg. 22.0 30.0 39.0 | 17.0 
II. Nonphosphatides { 
in mg. 8.0 22.0 36.0 8.0 
III. Phosphatides tin mg. 12.0 7.0 2.0 8.0 
Phosphatide content of I 
in % 54.5 23.3 5.1 | 472 
Cholesterol content of I 
in % 6.6 3.9 1.7 | 17.4 
Cholesterol content of IT 
in % 18.0 5.3 1.8 | 37.0 
Phosphorus content of ITI 
in % 2.6 13 1.4 1.0 
Schiff test on IT wae neg. neg. + 
Schiff test on III +4++4+44) + + 


* Column fractionation was carried out on silicic acid (10 g.) 
as described previously (3). 

+ Represents the lipid fraction eluted with chloroform. This 
fraction has no phosphorus and contains mainly cholesterol, 
cholesterol esters, and triglycerides. These lipids were identified 
by paper chromatography (4). 

t Represents the lipid fraction eluted with chloroform-methanol 
1:1 and by methanol. This fraction also contains cerebrosides (3). 
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Number 2 


fraction of myocardium (Table 2) contained Schiff 


positive material, it was concluded that the lysoleci- 


thin arose as a result of hydrolysis of the choline- 
plasmalogens. The relatively low content of lecithin 
in this sample supports this conclusion. Subsequent 
extractions of other beef hearts have shown that under 
carefully controlled conditions the amount of lysoleci- 
thin in myocardium is much smaller (less than 5 per 
cent of the total lipid phosphorus). 


TABLE 3. PHospHaTiIpE ComposITION OF BEEF 
Heart Tissvrs * 


Percentage of Total 
Lipid Phosphorus + 
— Valves 
Myo- 
t 
Phosphatide cardium 
A-V | S-V 
Polyglycerolphosphatide 8 4 trace | trace 
Phosphatidylethanolamine 20 11 20 18 
Phosphatidylserine 6 8 
Lecithin ¢ 28 39 46 47 
Sphingomyelin 24 26 23 20 
Inositol phosphatide 5 i 8 
Lysolecithin 13 trace | trace | trace 
Others § 1 7 4 < 


* Quantitative paper chromatography was carried out as de- 
scribed previously (3). 

+ The total lipid phosphorus is the sum of the phosphorus in 
all the phosphatide spots, including the origin material. 

t These phosphatides contain the plasmalogens indicated in 
Table 2 as the Schiff positive material. The actual content of the 
plasmalogens of beef heart myocardium have been published 
elsewhere (7). 

§ Trace amounts of other phosphatides were observed on the 
chromatograms. One of these is believed to be lysophosphatidyle- 
thanolamine. This fraction also includes 1 to 2 per cent material 
at the origin. 


DISCUSSION 


These experiments demonstrate the distinctive dis- 
tribution of lipids in various tissues of beef heart. The 
lipid content of atrioventricular valves was high and 
consisted mainly of triglycerides. On the other hand, 
the lipids of semilunar valves consisted mainly of 
phosphatide and cholesterol. The response of these 
valves to pathogenic organisms may in part be attrib- 
uted to this marked difference in lipid composition. 

The plasmalogens were found in higher concentra- 
tion in the myocardium and conducting bundle than 
in the valves. In addition, the polyglycerolphosphatides 
occurred nearly exclusively in the myocardium and 
conducting bundle. Since this lipid fraction is localized 
in mitochondria (4) and occurs in highest concentra- 
tion in the heart (8), it may play a special role in 
heart metabolism. 

The high content of sphingomyelin in the conducting 
bundle is noteworthy. In this respect this tissue ap- 
pears to resemble nerve tissue, yet its morphology is 
similar to that of myocardium. It would be of interest 
if the conducting properties of the bundle of His were 
due to specific lipids. 
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SUMMARY 


The time relationships in the changes in hepatic lipogenesis and cholesterogenesis induced 
by the feeding of corn oil and lard have been studied. A pronounced decrease in the capacity 
of the liver to convert acetate carbon to fatty acids was observed as early as 1 hour after 
fat administration. The increase in the liver’s capacity to incorporate acetate carbon into 
cholesterol developed slowly after fat feeding; the earliest change was observed in 12 hours. 
The restoration of lipogenesis to normal, following the withdrawal of fat, was more rapid 
than that of cholesterogenesis. The time changes in hepatic lipogenesis and cholesterogenesis 
induced by fat feeding were correlated with the time of appearance of exogenous fat in the 


liver. 


a investigations have shown that the 
capacity of rat liver to utilize acetate for lipid synthe- 
sis is altered by inclusion of fat in the animal’s diet. 
The liver’s capacity to convert acetate carbon to fatty 
acids was measurably decreased when as little as 2.5 
per cent fat was added to the diet. When 15 per cent 
was added, the liver retained only 10 per cent of its 
original capacity to convert acetate to fatty acids. 
Fat feeding had an opposite effect on hepatic choles- 
terogenesis; the presence of 15 per cent fat in the diet 
resulted in a three- to fourfold increase in the liver’s 
capacity to incorporate acetate carbon into cholesterol. 
The fats tested were lard, corn oil, a vegetable oil, 
and a hydrogenated vegetable oil. They were of equal 
value in augmenting cholesterogenesis and in reducing 
lipogenesis. In the experiments under consideration, 
the fat content of the diet was not excessive—in no 
case did it exceed 15 per cent—and the period of feed- 
ing was kept short, namely, 3 days. Addition of the 
fats to the diets did not alter the levels of glucose, 
fatty acids, and cholesterol of plasma nor the gly- 
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cogen, fatty acids, and cholesterol contents of the 
liver (1, 2). 

In the present study we have examined the time 
relationships of the changes in hepatic lipogenesis and 
cholesterogenesis of rats fed fat by stomach tube. It is 
shown that the change in lipogenesis develops rapidly, 
in a matter of a few hours, but that about a day is 
required, after the start of fat feeding, before a meas- 
urable change in cholesterogenesis is observed. 


I. EXprerRIMENTS WITH LIVER SLICES 


EXPERIMENTAL 


For 3 days before the start of the experiment, and 
continuing for its duration, male rats of the Long- 
Evans strain (200 to 250 g.) were fed, ad libitum, a 
synthetic diet containing 50 per cent glucose, 37 per 
cent casein (vitamin-free, Nutritional Biochemical 
Corp.), 6 per cent salts (3), 2 per cent defatted liver 
(VioBin), 5 per cent cellulose, and an adequate mix- 
ture of the B vitamins (4). Water was available to the 
animals at all times. At the intervals indicated by 
arrows in Figures 1 to 3, 2.0 ml. of corn oil or melted 
lard was fed by stomach tube, after which the rats 
were returned to their cages immediately and allowed 
free access to the high glucose, fat-free diet. The in- 
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Fic. 1. Effect of ingested corn oil on hepatic lipogenesis and cholesterogenesis (experiment 1) 
of rats that had been fed a fat-free diet. At the times indicated by the arrows, each rat received 
by stomach tube 2 ml. of corn oil. Each point is the average of closely agreeing results ob- 


tained with 4 rats. 
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Fic. 2. Effect of ingested corn oil on hepatic lipogenesis and 
cholesterogenesis (experiment 2) of rats that had been fed a 
fat-free diet. At the times indicated by the arrows, each rat 
received by stomach tube 2 ml. of corn oil. Each point is the 
average of closely agreeing results obtained with 3 rats. 


tubation of the corn oil and lard did not reduce meas- 
urably the rate of ingestion of the high glucose diet. 
Groups of fat-fed rats and their corresponding con- 
trols (these received 2.0 ml. of saline, instead of the 
fat, by intubation) were killed at various intervals 
thereafter. Their stomachs were examined and found 
to be distended with food, most of which was identified 
as the glucose diet. Their livers were rapidly removed, 
weighed, and sliced. Duplicate 500 + 5 mg. portions 
were incubated, with shaking, for 3 hours at 37°C in 
5.0 ml. of Krebs-Henseleit bicarbonate buffer (pH 7.3 
to 7.4) (5), to which had been added 2 pmoles of ace- 
tate-1-C'* as the sodium salt. The methods for assay- 
ing the C!* content of the expired COs, as well as the 
incorporation of C!* into cholesterol and fatty acids, 
have been reported previously (1,2). — 


RESULTS 


The Experiments with Corn Oil. The results of two 
experiments with corn oil feedings are shown in Fig- 
ures 1 and 2. The earliest interval after corn oil feed- 
ing at which a measurable decline was noted in the 
liver’s capacity for incorporating acetate carbon into 
fatty acids was 3 hours in experiment 1 (Fig. 1) and 
about 1 hour in experiment 2 (Fig. 2). In experiment 
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Fic. 3. Effect of ingested lard on hepatic lipogenesis and 
cholesterogenesis of rats that had been fed a fat-free diet. At 
the times indicated by the arrows, each rat received by stomach 
tube 2 ml. of melted lard. Each point is the average of closely 
agreeing results obtained with 3 rats. 


1 the control rats were killed at intervals of 0.5 hour 
to 5 days after the first intubation of saline; in these 
rats the C'*-fatty acid recoveries (not recorded in 
Fig. 1) ranged from 12 to 16 per cent. At the end of 48 
hours, by which time the fat-fed rats had received 
five administrations of corn oil, the livers had almost 
completely lost the capacity to form fatty acids from 
added acetate. The decline in C1*-fatty acid recoveries 
was also pronounced in experiment 2, which lasted 24 
hours, with each rat receiving one or two feedings (2.0 
ml. each) of corn oil. The C14-fatty acid values found 
at 0 and 12 hours were 24 and 4 per cent, respectively. 
No significant change in the liver’s capacity to syn- 
thesize cholesterol occurred during the first 6 hours 
after the administration of 2.0 ml. of corn oil. A slight 
rise in C*-cholesterol recoveries was noted at 12 
hours (Fig. 1), and at 24 hours the values for C**- 
cholesterol had more than doubled (Figs. 1 and 2). 
Corn oil was last fed at the 48-hour interval (Fig. 
1). Some restoration of the liver’s capacity to synthe- 
size fatty acids was observed 12 hours later. By the 
time 24 hours had elapsed after the last feeding, the 
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liver had acquired its initial capacity to form fatty 
acids. 

A delayed response in modification of the liver’s 
capacity to synthesize cholesterol was also observed 
after the corn oil feedings stopped. The heightened 
capacity for cholesterol synthesis induced by fat 
feeding was still evident 24 hours after the last ad- 
ministration of corn oil. By 48 hours, however, the 
values for C*-cholesterol recoveries were about the 
same as those observed before the corn oil feedings. 

The Experiment with Lard. The results of this ex- 
periment are shown in Figure 3. The rapid loss in the 
liver’s capacity to synthesize fatty acids and the de- 
layed increase in its capacity for cholesterogenesis are 
again evident. 


II. ExXperiMENTS WitH INTAcT ANIMALS 


EXPERIMENTAL 


Male Long-Evans rats weighing 200 to 250 g. were 
used. In the first experiment the feeding of the fat-free 
diet containing 50 per cent glucose was begun 3 days 
before the first administration of fat, and was con- 
tinued until the rats were killed 3 and 12 hours after 
a single intubation of 2.0 ml. of corn oil. In the second 
experiment the rats were killed 72 hours after they 
were transferred to a diet containing 50 per cent 
glucose and 15 per cent corn oil. All control rats were 
fed the fat-free, high glucose diet throughout. Exactly 
20 minutes before the rats and their respective controls 
were killed, they were injected intraperitoneally with 
0.5 ml. of 0.9 per cent saline containing 2 pmoles of 
1-C'*-labeled sodium acetate. The livers were rapidly 
excised and weighed, and aliquots were analyzed for 
C14-fatty acids and C*-cholesterol. 


RESULTS 


The results are recorded in Table 1. A reduction in 
the C1* incorporated into fatty acids by the livers of 
the intact rats was observed as early as 3 hours after 
the start of fat feeding, but not until more than 12 
hours had elapsed were the C'*-cholesterol recoveries 
augmented. The C!-cholesterol recoveries found for 
the livers of rats that had ingested the fat-containing 
diet for 72 hours were about four times those observed 
with the controls fed the fat-free diet. 


III. Time or APPEARANCE OF FED FAT IN THE LIVER 


The rapidity of the changes induced in hepatic lipo- 
genesis by fat feeding raised the question of how soon 
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the administered fat reaches the liver. Tripalmitin-1- 
C14 was dissolved in 2.0 ml. of corn oil, and the mixture 
was introduced by intubation into the stomachs of 
rats that had been fed the fat-free, high glucose diet 
for 3 days. They were killed at different intervals, and 
their livers were excised and assayed for C1*-lipids. 
Lipids were extracted with a 3:1 ethanol-ether 
mixture, and aliquots of the extract were mounted di- 
rectly on aluminum planchets. The results are shown in 
Figure 4. C'*-activity was found in the lipid fraction of 
the liver of rats killed as early as 1 hour after intuba- 
tion. If it is assumed that the C1* is a measure of the 
transport of corn oil, it can be calculated that in 1 hour 
about 5 mg. of the administered oil had reached the 
liver, which contained about 300 mg. of fatty acids. 
It is of interest that the most pronounced fall in lipo- 
genic capacity of the liver occurred at a time when so 
little of the administered fat had found its way into 
the liver. The mere presence of exogenous fat, rather 
than the accumulation of large amounts of it, seems 
to be associated with the change in hepatic lipogenesis. 


DISCUSSION 


Our earlier observation that fat feeding induced a 
change in the liver’s capacity to incorporate acetate 
carbon into fatty acids and cholesterol is fully con- 
firmed by the experimental findings presented here. 
The rapidity of the change in the lipogenic capacity 
of the liver, as well as the very small amounts of ad- 
ministered fat that reach the liver by the time the 
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Fic. 4. Time of appearance of fed fat in the liver. Each point 
is the average of closely agreeing results obtained with 3 rats. 
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TABLE 1. Errecr or Corn Ort FEEDING ON INCORPORATION 
or or AcetaTE-1-C' into Farry AND 
CHOLESTEROL BY Livers oF INTacT Rats 


cu Hours After Start of Corn Oil Feeding 
recovered 
as 
3 12 
Fatty acids —70 —96 —94 
(—68 to —75) | (—92to —100) | (—91 to —99) 
Cholesterol 0 0 +400 
(+5 to +7) (—8 to +2) (+374 to +453) 


Averages and range of values obtained with 4 to 6 rats are 
given. They represent percentage changes from controls in the 
incorporation of the injected C' into fatty acids and cholesterol. 


changes in lipogenic capacity are first detected, favors 
the idea that fatty acid synthesis in the liver is under 
homeostatic regulation. 

The inverse effects produced by fat feeding on lipo- 
genesis and cholesterogenesis in the liver led us to 
suggest earlier that cholesterogenesis, like aceto- 
acetate formation, represents an alternate pathway 
for acetyl-coenzyme A when lipogenesis is depressed 
(6). In this case this suggestion is not borne out by the 
changes in cholesterogenesis and lipogenesis with time 
shown in Figures 1 to 4. For example, in the first ex- 
periment with liver slices, lipogenesis was depressed for 
more than 9 hours before a change in hepatic cholester- 
ogenesis occurred. In the experiments with intact ani- 
mals, lipogenesis was reduced for more than 12 hours 
before a rise in hepatic cholesterogenesis was noted. 
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SUMMARY 


The effect of nicotinic acid upon the oxidation of the terminal carbon atoms of cholesterol- 
26-C™ by rat liver mitochondrial preparations has been studied. Addition of nicotinic acid, 
as the potassium salt, to incubation mixtures containing normal rat liver mitochondria en- 
hances the oxidation of cholesterol-26-C™. Liver mitochondrial preparations from rats ad- 
ministered nicotinic acid in drinking water (12 mg. per day) or diet (0.75 per cent) also oxidize 
cholesterol-26-C" to a greater extent than do similar preparations from control rats. The 
mitochondrial preparations from nicotinic acid-fed rats, in the absence of boiled supernatant, 
exhibit a greater oxidative capacity than do control preparations. This heightened oxidative 
capacity is further enhanced by addition of the boiled supernatant fraction from these prep- 
arations. Addition of boiled supernatant from control preparations has no enhancing effect. 
Nicotinic acid exerts little effect on the oxidation of sodium pyruvate-2-C™ and may have 
a slightly inhibitory effect upon the oxidation of sodium octanoate-1-C™. No significant dif- 
ferences were observed between serum cholesterol levels of rats ingesting nicotinic acid for 
3 weeks and controls. 


Dine the initial report on the hypocholesterol- 
emic effect of nicotinic acid administered orally to 
humans (1), a large number of confirmatory publica- 
tions have appeared (2). Nicotinic acid has been 
shown to lower serum cholesterol levels in hypercholes- 
terolemic rabbits (3, 4) and dogs (5), although one 
group of investigators (6) could not confirm the latter 
result. Nicotinie acid also lessens the degree of aortic 
atheroma when administered to cholesterol-fed rab- 


Nicotinic acid has also been found to depress choles- 

terol synthesis from acetate by one group of workers : 
(9) and to enhance it by another (10). Suggestions 3 
that the nicotinic acid effect involves the pyridine 
nucleotides which play an important role in steroid 
oxidation (11) are weakened by findings that nico- 
tinamide has no hypocholesterolemic effect (10, 12). 
Hoffer et al. (13) have found that beta-pyridylearbinol 
is also ineffective, suggesting a specific structural re- 


bits (3, 4). quirement, namely, a free carboxyl group. Nicotinic i 

The mechanism by which nicotinic acid exerts its acid feeding causes a decrease in urinary glycine with § 
hypocholesterolemie effect is not yet known. The feed- increased excretion of nicotinuric acid (10, 14); the : 
ing of this compound to cholesterol-fed rabbits (4) latter compound is under test (13). The reduced gly- t 


or rats (7) lowers liver cholesterol levels as compared 
with cholesterol-fed controls. There is no reduction to 
normal levels, however. Feeding of nicotinic acid to 
normal rats (1 to 2 per cent in diet) causes increases 
in liver fat (8) and liver cholesterol (9) content. 


* Aided in part by National Institutes of Health Grant H- 
3299 and a grant from the John A. Hartford Foundation, Inc. 

+ Present address: Department of Biochemistry, University 
of Oxford, Oxford, England. 

¢ This work was done during the tenure of an Established 
Investigatorship of the American Heart Association. 
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cine output might also be due to increased formation 
of glycocholie acid, but no data are available on this 
point. Altschul originally suggested that nicotinic acid 
may act by increasing the in vivo oxidation of cho- 
lesterol (1). 

In the present study we ‘have investigated the effect 
of nicotinic acid upon the oxidation of the terminal 
‘arbon atoms of cholesterol-26-C™ by rat liver mito- 
chondrial preparations. In one group of experiments the 
nicotinic acid (as potassium nicotinate) was added 
directly to the mitochondrial preparation. In other 
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TABLE 1. Errecr or Appirion or Nicotinic ACID ON 
OXIDATION OF CHOLESTEROL-26-Cl4 By 
Rat Liver MrrocHonpria 


Percentage of Oxidation of Cholesterol * 
Experi- | Nicotinic Males Females 
ment Acid 
Control Control 
mg. 
1 6 20.5 8.8 128 9.2 
2 15 9.4 6.0 37.5 31.6 
3 3 7.9 
6 8.2 9.0 
12 9.2 
4 6 5.6 4.2 6.2 5.4 
5 6 2.4 1.9 4.3 4.2 
6 6 6.2 2.2 3.4 2.8 
7 6 4.5 3.3 6.7 Fol 
8 6 5.0 4.4 25.5 22.5 


* Computed as BaC!40;/cholesterol-26-C' x 100. 
+ Added to incubation mixture as potassium salt. 


experiments the mitochondrial preparations were ob- 
tained from rats which had previously been fed nico- 
tinic acid, either as the sodium salt in the drinking 
water or as the free acid in the food. Salts of nicotinic 
acid are as efficacious as the free acid (15). 


METHODS 


The procedures for obtaining the mitochondrial 
preparations and supernatant fractions used in these 
experiments have been described in detail elsewhere 
(16, 17). It was noted that after the initial low-speed 
centrifugation the cellular debris from the livers of rats 
fed nicotinic acid was arranged in layers with sharp 
boundaries between the various fractions. This phe- 
nomenon had not been observed with livers of rats used 
in other experiments. 

The incubation was carried out in stoppered 125 ml. 
Erlenmeyer flasks containing center wells. The per- 
centage oxidation of cholesterol-26-C'™, sodium py- 
ruvate-2-C!*, and sodium octanoate-1-C™ was caleu- 
lated from analysis of the C!4O. evolved during the 
incubation. 

The incubation mixture consisted of 1 ml. of the 
mitochondrial preparation; 1 ml. of a solution contain- 
ing adenosine triphosphate (25 mg.), diphosphopyri- 
dine nucleotide (5 mg.), adenosine monophosphate 
(8 mg.), reduced glutathione (15 mg.), sodium citrate 
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monohydrate (30 mg.), magnesium nitrate hexahy- 
drate (10 mg.), potassium penicillin G (2,000 units), 
and streptomycin sulfate (1 mg.); 5 ml. of labeled 
substrate emulsion in 0.25M tris (hydroxymethyl) 
aminomethane-HCl, pH 8.5; and boiled supernatant 
fluid (5 ml.). 

The soluble cofactor was prepared by boiling the 
liver supernatant after centrifugation at 104,000 « g 
for 30 minutes. 

The labeled cholesterol was synthesized from 3 B- 
hydoxy-A®-norcholesten-25-one by the method of 
Dauben and Bradlow (18). Sodium pyruvate-2-C!* 
and octanoic acid-1-C'* were purchased from the 
Atomic Energy Research Establishment, Amersham, 
England. The cholesterol suspension was prepared -in 
the manner previously described (17). The acids were 
dissolved directly in the buffer. All cholesterol deter- 
minations were carried out using the method of Trinder 
(19). 

Animals used in the first two series of experiments 
were maintained on Purina Laboratory Chow. The 
nicotinic acid diet contained (per 100 g.): Pablum, 
70 g.; wheat germ, 6.25 g.; skim milk powder, 20 g.; 
Vionate, 3 g.; and nicotinie acid, 0.75 g.1 Sufficient 
water was added to make a thick dough. The control 


TABLE 2. Errecr or Appition or Nicorinic ACID ON 
OXIDATION OF SODIUM PYRUVATE-2-C!4 By 
Rat Liver MrrocHonpRIA 


Percentage of Oxidation of Pyruvate 
Ixperi- | Nicotinic Males Females 
ment Acid * _ 
Nicotinic Nicotinic 
Control Acid Control 
mg. 
1 6 3.1 1.4 4.4 5.2 
2 15 11.0 9.2 24.5 26.8 
3 3 9.2 
6 10.1 3.8 15.3 20.5 
12 8.3 
4 6 2.3 1.9 
5 6 1.3 1.4 
6 6 2.1 1.5 


* Added to incubation mixture as potassium salt. 


*Pablum: Mead Johnson & Co., Evansville 21, Ind.; wheat 
germ: Kretschmer Corp., Carrollton, Mich.; skim milk powder: 
Land O’Lakes Creameries, Inc., Minneapolis, Minn.; Vionate: 
E. R. Squibb & Sons, New York 22, N. Y.; nicotinic acid: 
Matheson, Coleman & Bell Division, East Rutherford, N. J. 
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TABLE 3. Autopsy Data* on Rats Given Nicotinic Acip (12 mc./Day) 


IN THEIR DRINKING WATER 


Se Drinking Number | Final Weight Liver Serum 
. Water of Rats | Weight | Change | Weight | Cholesterol 
g. g. g. mg./100 ml. 
Male Nicotinic acid 3 330 +33 10.85 49.3 + 3.2 Tf 
Control 5 293 +25 9.99 54.3 + 5.8 
Female Nicotinic acid 3 251 +22 9.98 48.6 + 4.7 
Control 5 237 +23 8.88 582 + 4.2 
* Averages. 


7 Standard error of the mean. 


rats were fed the same diet minus nicotinic acid. No 
significant difference in food consumption between the 
nicotinic acid and control groups was noted. This diet 
provides 20 per cent protein, 11 per cent fat, and 62 
per cent carbohydrate. It is well received by the ani- 
mals used in these and other experiments. 

Experiments using nicotinic acid in the food were 
carried out with Wistar rats, both sexes, weighing 150 
to 160 g. The diet was administered for 3 weeks prior 
to the experiment. Experiments using sodium nicotin- 
ate in the drinking water were carried out with male 
Wistar rats weighing 260 to 300 g. These animals were 
maintained on the sodium nicotinate (12 mg. per day) 
for 3 weeks. 

Each experiment was carried out using mitochondria 
from the same rat. In experiment 3, Table 1, for ex- 
ample, all four incubations (three nicotinic acid, one 
control) were carried out using aliquots of the same 
mitochondrial preparation. Preliminary experiments 
showed that aliquots of the same preparation consist- 
ently oxidized cholesterol to the same extent. In one 
specific example, the range of oxidation with the same 
mitochondrial preparation varied between 5.7 and 6.3 
per cent in a series of six incubations. 


RESULTS AND DISCUSSION 


Addition of Nicotinic Acid to Normal Mitochon- 
drial Preparations. Experiments were carried out using 
preparations from both male and female rat livers. 
The data on oxidation of cholesterol are given in 
Table 1 and on pyruvate oxidation in Table 2. 

In practically all cases the addition of nicotinic acid 
to the incubation mixture enhanced oxidation of cho- 
lesterol-26-C1*. Only in experiment 3 (males) and 7 
(females) was there not some enhancement of oxida- 
tion. As has been noted previously (17), normal female 
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rat liver mitochondria appear to have the greater oxi- 
dative capacity for cholesterol-26-C!*. The oxidation 
of pyruvate-2-C™ by male rat liver mitochondria is 
also enhanced by the addition of nicotinic acid, but no 
such effect is evident in the case of female rat liver 
preparations. The much greater oxidation of pyruvate 
by female rat liver mitochondria is noteworthy. This 
phenomenon, too, has been pointed out before (17). 
In one experiment where sodium octanoate-1-C14 
was the substrate, oxidation was not enhanced by ad- 
dition of nicotinic acid to the medium (24.3 vs. 24.3 


TABLE 4. Per Cent OxipaTion or 
AND Sopium PyruvaTe-2-C!! py Liver MirocHonpRIA 
oF Rats Given Nicotinic Acip (12 ma./Day) 
IN THEIR DRINKING WATER 


Percentage of Oxidation of Substrates * 
Experi- | Drinking Males Females 
ment Water 
Choles- Py Choles- | |, 
'vruvate Pyruvate 
1 Nicotinic 
acid 25.8 8.3 lost lost 
Control 8.8 1.4 52 9.2 
2 Nicotinic 
acid 6.6 52 19.3 22.1 
Control 6.0 9.2 26.8 31.6 
3 Nicotinic 
acid 22.2 20.3 14.7 _ 14.0 
Control 14.0 14.5 18.6 21.7 


* All values corrected for equivalent amounts of mitochondria 


(mg. N). 
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TABLE 5. Avrorsy Data* on Rats Fep Nicortnic Acip (0.75% or Diet) 
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Sex Diet Number Final Weight Liver Serum 
~ of Rats Weight Change Weight Cholesterol 
g mg./100 ml. 
Male Nicotinic acid 7 198 48 7.56 60.1 + 3.4 f¢ 
Control 8 49 8.52 62.6 + 1.9 
Female Nicotinic acid 5 180 24 7.88 63.4 + 6.9 
Control 7 170 21 6.65 57.1 + 6.8 
* Averages. 


+ Standard error of the mean. 


per cent for the control preparation in the male and 
19.0 vs. 25.1 per cent for the control in the female). 

Experiments were also carried out in which picolinic 
acid and pyridine-3-sulfonic acid were added as the 
sodium salts to various incubation mixtures. The re- 
sults were variable, but generally a slight enhancement 
of cholesterol oxidation was observed. Nicotinamide 
added at levels up to 30 mg. per incubation failed to 
enhance cholesterol and pyruvate oxidation by normal 
rat liver mitochondria. 

Effect of Nicotinic Acid in Drinking Water. The 
administration of 12 mg. of nicotinic acid per day in 
the drinking water was carried out after first estab- 
lishing that the animals used in these experiments took 
2 days to empty a 240 ml. container. We administered 
fresh water containing sodium nicotinate (0.1 mg. per 
ml.) daily. 

Autopsy data on these animals are presented in 
Table 3. There was a slight, but nonsignificant, lower- 
ing of serum cholesterol levels in both males and fe- 
males administered nicotinic acid. The results of the 
oxidation of cholesterol-26-C!* and of sodium pyru- 
vate-2-C™ are presented in Table 4. There was little 
doubt about the increased cholesterol oxidation by 
male liver mitochondria in the nicotinic acid group. 
Liver mitochondrial preparations from the female con- 
trol rats oxidized more of both substrates than did the 
experimental group. The nicotinic acid may not exert 
a great effect here because of the higher oxidative 
capacity (as compared with males). 

Effect of Nicotinic Acid in Diet. The autopsy data 
are presented in Table 5. The serum cholesterol differ- 
ences (higher in male controls and female nicotinic 
groups) are not significant. Data on the oxidation of 
various substrates by liver mitochondrial preparations 
taken from these animals are given in Table 6. Again 
we find an increase in cholesterol oxidation, slight 
effect on pyruvate oxidation, and actual reduction of 


oxidation of octanoate by liver preparations from nico- 
tinic acid-fed rats. On two occasions we added 6 mg. 
of nicotinic acid (as the potassium salt) to incubation 
mixtures containing mitochondria from nicotinic acid- 
fed rats and found a further enhancement of choles- 
terol oxidation (8.4 vs. 7.1 per cent and 17.7 vs. 14.9 
per cent). There was no effect on pyruvate oxidation; 
if anything, there was a slight reduction (1.5 vs. 1.7 
per cent). These results indicate that we had probably 
not reached the maximum level in the dietary dosage. 

In an earlier experiment (17) we had observed 
appreciable changes in extent of oxidation of choles- 


TABLE 6. Per OxipaTiIon or CHOLESTEROL-26-C!! 
Soprum PyruvaTe-2-C™ anp Sopium OcTanoate-1-C'4 
BY Liver MITocHONDRIA FROM Rats 
Fep Nicotinic Acip (0.75% 1n Dier) 


Percentage of Oxidation of Substrates * 
Experi- Males Females 
ment 
Nicotini Nicotini 
cid | Control Control 
Cholesterol 1 an 1.9 34.8 22.5 
2 14.9 2.2 15.0 13.9 
3 LAG 4.4 6.5 2.9 
4 5.7 5.3 
5 24 
Pyruvate 1 3.1 1.9 
2 1.7 1.4 
Octanoate 1 13.9 24.3 21:5 258 
2 20.5 26.8 30.2 35.6 


* All values corrected for equivalent amounts of mitochondria 
(mg. N). 
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TABLE 7. Errect or SuBSTITUTION OF SUPERNATANT ON 
OXIDATION OF CHOLESTEROL-26-C!4 anpD SopiuM 
OcraNoaTE-1-C'4 By Rat Liver 


Percentage of Oxidation of Substrates * 
Mitochon-| Super- Males Females 
Choles- | Octan- | Choles- | Octan- 
terol oate terol oate 
Nicotinic | None ¢ 13.2 13.9 28.2 27.6 
Nicotinic | Nicotinic 
acid 17.7 13.9 34.8 21.5 
Nicotinie | Control | 12.7 16.5 27.2 2.1 
| 
Control | None | 3.6 25.5 15.4 24.9 
Control Nicotinic 
acid 7.8 25.3 25.0 23.8 
Control Control | 44 24.3 22.5 25.1 


* All values corrected for equivalent amounts of mitochondria 
(mg. N). 
+ Equivalent amount of 10% sucrose used. 


terol when the boiled supernatant fraction from one 
dietary group was added to the mitochondria of an- 
other. This type of “crossover” experiment was re- 
peated in the present series with results as shown in 
Table 7. It is evident that the supernatant fraction 
from the nicotinic acid-fed rat liver preparation has 
an enhancing property for cholesterol oxidation. In 
the case of octanoate this supernatant is inhibitory, if 
anything. The data also suggest that in the absence of 
“nicotinic” supernatant the “nicotinic” mitochondrial 
preparation has considerably more oxidative potential 
than does that from the control rat liver. Thus, a factor 
within the mitochondria is responsible for most of the 
heightened oxidative capacity in preparations from 
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livers of nicotinic acid-fed rats, but this effect can be 
increased by the addition of boiled supernatant from 
the same preparation. 


The technical assistance of Leon Gogolski and John 
Langan is gratefully acknowledged. We are indebted 
to Dr. W. Munro Leslie for helpful discussions. 
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SUMMARY 


The effect of the addition of 1 per cent nicotinic acid to the diet of the rat on serum, 
liver, and carcass cholesterol, and on the incorporation of acetate-1-C™ into cholesterol by the 
intact animal were studied. The effect of nicotinic acid on absorption of cholesterol-4-C™ 
and on the elimination of labeled cholesterol from serum and liver were also studied. No 
significant effect of nicotinic acid, fed for either 8 or 42 days, on the incorporation of acetate- 
1-C™ into serum and liver cholesterol was observed. When weight gain of the control animals 
was limited to that of the nicotinic-acid-fed rats by pair-feeding, nicotinic acid had no 
significant effect on serum or liver cholesterol concentrations, nor on total carcass cholesterol. 
Absorption of cholesterol-4-C“ and the disappearance of labeled cholesterol from serum and 
liver were not influenced by nicotinic acid administration by stomach tube. 


en addition of nicotinic acid to the diet for 8 
days has been reported by Merrill to result in an in- 
creased incorporation of acetate-1-C' into liver cho- 
lesterol by the rat (1). In a preliminary report we 
were unable to confirm this finding, the addition of 1 
per cent nicotinic acid to the diet for 8 days having 
no effect on the incorporation of acetate into serum 
and liver cholesterol by the intact rat. After 42 days 
the mean incorporation of acetate into cholesterol was 
less in the nicotinic-acid-fed animals than in the con- 
trols, although the difference was not statistically 
significant (2). 

In view of the widespread interest in nicotinie acid 
as a hypocholesterolemie agent in man (3, 4, 5), its 
effect on cholesterol metabolism of the rat has been 
further studied. Data have been obtained regarding its 
effect on the absorption and elimination of cholesterol 
as well as on the incorporation of acetate-1-C™ into 
cholesterol by the intact animal. 


METHODS 


Male albino rats (Holtzman) were employed in all 
studies, being housed in mesh-bottomed cages and kept 


*This investigation was supported by Grant H-1946 from 
the United States Public Health Service, and grants from the 
Louisville and Jefferson County Chapter of the Kentucky 
Heart Association, American Heart Association, and Eli Lilly 
& Company. 
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in an air-conditioned animal room. Tap water and a 
balanced laboratory mash,! to which cottonseed oil, 
5 ml. per 100 g., was added, were offered ad libitum 
except as noted below. When nicotinic acid was fed, it 
was incorporated into the diet in the amount of 1 per 
cent by weight. 

The animals were killed under amobarbital sodium 
anesthesia, blood obtained by cardiotomy, and the 
livers removed, blotted, and weighed. Calculations 
were based on an assumed plasma volume of 3.42 per 
cent of body weight. 

Serum cholesterol was determined by the method of 
Abell et al. (6). A 2-to-3 g. segment of liver was 
digested by refluxing for 2 hours in 10 per cent potas- 
sium hydroxide in 70 per cent ethanol. After neutrali- 
zation with acetic acid and dilution to volume, an 
aliquot of the liver digest was taken for determination 
of total cholesterol by the method of Sperry and 
Webb (7). 

Serum cholesterol was prepared for liquid scintil- 
lation counting of C1* as follows: Two ml. of serum 
was mixed with 8 ml. 95 per cent ethanol containing 
2 per cent (w/v) potassium hydroxide and incubated 
at 37°C for 55 minutes. After cooling to room temper- 
ature, 5 ml. of distilled water was added and the 
mixture extracted four times with 5 ml. portions of 


1Rat-Mouse Ration, Harlan Small Animal Industries, Cum- 
berland, Ind. 
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TABLE 1. Incorporation oF Soprum AcETATE-1-C!4 intro SeRuM AND LIvER CHOLESTEROL* 


Diet | Number | Initial | Weight Serum 
Period Rats Weight Gain Cholestero Cholestero Cholesterol 
no. of 
days g. mg./100 ml. | mg./100 g. percentage 
Control 8 288 35 + 68 +7 251 + 21 151 + .036 
Nicotinic acid 8 8 288 24 + 10 f 65 +6 251 + 12 163 + .073 
Control 4 269 137 + 14 68 +3 256 + 5 174 + .025 
Nicotinic acid 42 4 266 92 + 26 ¢ 60 +47 282 + 24 123 + .038 
Control 7 361 32 + 13 67 + 10 272 + 42 .227 + .026 
Nicotinic acid 42t 7 361 32 +11 65 +9 295 + 55 219 + .018 
* Values given are the mean and standard deviation, estimated using (n—1). 
+ Values that differ significantly from the Control (p <.05). 
t Paired weight gain. 
TABLE 2. Assorprion or 
Administered 
Gavage Number Weight Serum Liver C' in Serum 
Solution of Rats “ Cholesterol | Cholesterol and Liver 
Cholesterol 
g. mg./100 ml. | mg./100 g. percentage 
Control 6 321 55 + 6 198 +23 | 4.83 + 1.28 
Nicotinic acid 6 316 5445 220 + 39 5.77 + 1.19 


*Values given are the mean and standard deviation, estimated using (n—1). 


petroleum ether. The combined petroleum ether ex- 
tracts were evaporated to dryness under nitrogen. The 
residue was redissolved in 1:1 acetone-ethanol, acidi- 
fied with acetic acid, filtered, digitonin added, an esti- 
mated 50 per cent excess being employed, and the tube 
allowed to stand overnight at room temperature. After 
washing with 1:2 acetone ether and then ether, the 
cholesterol digitonide was dissolved in 10 ml. of 
methanol, 10 ml. of toluene added, and the digitonide 
decomposed by evaporation to dryness with heat and 
a stream of nitrogen. The residue was then redissolved 
in 14 ml. of toluene, two 1.5 ml. aliquots taken for 
duplicate determination of cholesterol, and 9 ml. added 
to the 20 ml. counting vial containing 30 mg. of the 
scintillator, 2,5-diphenyloxazole, in 1 ml. of toluene. 
An aliquot of the neutralized liver digest, represent- 
ing approximately 1 g. of liver, was extracted with 
petroleum ether, and the cholesterol prepared for 
counting in the same manner as described for serum 


cholesterol. In the Packard Tri-Carb liquid scintilla- 
tion counter the background was approximately 8 
epm. and the counting efficiency, determined with a 
C4-benzoic acid standard, 44 per cent. 

Incorporation of Sodium Acetate-1-C* int® Serum 
and Liver Cholesterol. Control and 1 per cent nicotinic 
acid diets were fed ad libitum to groups of rats for 8 
and 42 days. Two hours before sacrifice each rat re- 
ceived an intraperitoneal injection of carboxy] labeled 
sodium acetate, 2 wc. per 100 g. body weight. Labeled 
acetate with a specific activity of 25 wc. per mmole was 
used, each animal receiving 25 to 30 mg. of sodium 
acetate in aqueous solution. 

The 42-day feeding of nicotinic acid was also carried 
out, using seven pairs of rats housed in individual 
cages. The rats given nicotinic acid were fed ad libitum 
and weighed every other day; the control rats were 
given just sufficient food to maintain the same weight 
gain as the paired experimental animals. In addition 
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TABLE 3. DisapPEARANCE OF CHOLESTEROL-C!! SERUM AND Liver * 
Administered 
Group Number | Initial Serum Liver C4 in Serum 
of Rats | Weight | Cholesterol | Cholesterol and Liver 
Cholesterol 
g. mg./100 ml. | mg./100 g. percentage 
2 hours after mevalonic 
acid administration 4 369 53 + 5 224 +13 5.14 +1.19 
6 days after mevalonic : 
acid administration: 
control gavaget + 359 64+7 218 + 12 .679 + .066 
6 days after mevalonic 
acid administration: 
nicotinic acid gavaget 4 348 65 +6 228 + 11 .684 + .227 


* Values given are the mean and standard deviation, estimated using (n—1). 


+ Third through sixth day. 


to the other observations, the oxygen consumption of 
each of these rats was determined in a closed-circuit 
respirometer, and at sacrifice the thyroid gland was 
weighed (8). 

Cholesterol Absorption. After fasting overnight, 
each of 12 rats was fed by gavage with 1 ml. of cotton- 
seed oil in which was dissolved 10 mg. of cholesterol 
containing 0.8 ye. of cholesterol-4-C*. At the same 
time six of the animals also received by gavage a solu- 
tion of sodium nicotinate equivalent to 65 mg. of 
nicotinic acid. The remaining six were given an equal 
volume of water by gavage. The basic laboratory diet 
and water were offered ad libitum until the animals 
were killed 24 hours later, and cholesterol-C'* content 
of serum and liver determined. 

Cholesterol Excretion. The cholesterol of 12 rats 
was labeled by the intraperitoneal injection of meva- 
lonic acid-2-C1*, 0.1 we. per 100 g. body weight. Two 
hours later four rats were killed and the incorporation 
of C'* into serum and liver cholesterol determined. 
The remaining animals were divided into two groups, 
each receiving the basic diet. From the third through 
the sixth day the rats in one group were given sodium 
nicotinate equivalent to 25 mg. nicotinic acid per 100 
g. body weight twice daily by gavage; the remaining 
animals received a like volume of water by gavage. 
The animals were then killed and the C'* remaining 
in serum and liver cholesterol determined. 

Total Rat Cholesterol. Two groups of four rats were 
maintained for 42 days, one on 1 per cent nicotinic 
acid diet ad libitum, and the other on the basic diet, 
weight gain of paired animals being controlled as pre- 
viously described. Serum and liver cholesterol were 
determined in the usual manner. In addition, the resid- 


ual carcass, including the gastrointestinal tract, from 
which the contents had been removed by irrigation, 
was digested by refluxing overnight in alcoholic potas- 
sium hydroxide, and total carcass cholesterol deter- 
mined by the same method used for liver cholesterol. 


RESULTS 


Incorporation of Sodium Acetate-1-C™ into Serum 
and Liver Cholesterol. The addition of 1 per cent nico- 
tinic acid to the ad libitum diet resulted in a significant 
inhibition of weight gain, apparent in both the 8- and 
the 42-day experiments (Table 1). A modest but sta- 
tistically significant reduction of serum cholesterol 
was noted in the nicotinic-acid-fed animals receiving 
the ad libitum diets for 42 days. The most pronounced 
difference between these animals and their control 
group is in the partition of cholesterol between serum 
and liver, the ratio of liver cholesterol (mg. per 100 g.) 
to serum cholesterol (mg. per 100 ml.) being 3.79 + 
.21 in the control group and 4.72 + .13 in the nico- 
tinic-acid-fed group (p < .01). 

In the final experiment, in which the weight gain of 
the control group was restricted to that of the nico- 
tinic-acid-fed group, no significant effect of nicotinic 
acid on serum or liver cholesterol was observed. Nor 
was any significant effect of nicotinic acid on oxygen 
consumption observed, the mean oxygen consumption 
of the seven control animals being 27.4 + 4.0 ml. per 
10 minutes per 100 g. to the two-thirds power, and 
that of the nicotinic-acid-fed group, 28.5 + 2.9. Thy- 
roid weights were also essentially identical, 4.8 + .6 
mg. per 100 g. body weight in the control group and 
4.7 + .7 in the nicotinic-acid-fed group. 
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TABLE 4. Torat CHoLesTteroL ConTeNT OF SERUM, Liver, AND ReEsIpvuaL Carcass. 
42-Day ExperIMENTAL Pertop—Parrep WeEIGHT GaIN * 


Total Cholesterol Content 
Diet Number | Initial Weight 
of Rats | Weight Gain 
Serum Liver Carcass Total 
q. mg. mg. mg. mg. 
Control 4 281 103 +9 8.7 +1.3 23.5 + 2.6 501 + 56 533.2 + 57.9 
Nicotinic acid 4 284 103 +2 OO +17 25.4 + 2.1 508 + 37 542.4 + 40.2 


* Values given are the mean and standard deviation, estimated using (n—1). 


In none of the experiments did nicotinic acid signifi- 
cantly influence the incorporation of sodium acetate- 
1-C™ into serum and liver cholesterol. 

Cholesterol Absorption. Twenty-four hours after the 
administration of cholesterol-4-C* approximately 5 
per cent of that administered was present in serum 
and liver (Table 2). There was no significant differ- 
ence between the control and nicotinic acid groups. 

Cholesterol Excretion. The incorporation of meva- 
lonic acid-2-C into cholesterol was much more effi- 
cient than that of acetate, approximately 5 per cent of 
the administered C'* being present in serum and liver 
cholesterol 2 hours after its injection (Table 3). Six 
days later essentially identical amounts of labeled 
cholesterol remained in serum and liver of the control 
and nicotinic-acid-treated rats. 

Total Rat Cholesterol. As compared to their weight 
gain paired controls, the four rats fed 1 per cent nico- 
tinic acid for 42 days displayed no significant differ- 
ence in total cholesterol content or in its distribution 
between serum, liver, and residual carcass (Table 4). 


DISCUSSION 


The addition of 1 per cent nicotinic acid to a 
balanced laboratory mash consistently exerted an in- 
hibitory effect on weight gain. Although only an ap- 
proximate measure of daily food intake was made, it 
was apparent that the nicotinic-acid-fed animals con- 
sumed less than the controls, and it is assumed that the 
decreased rate of growth was a consequence of de- 
creased food intake. That it was not due to hyper- 
metabolism is suggested by the results of the oxygen 
consumption measurements, the mean oxygen con- 
sumption of the nicotinic-acid-fed rats not differing 
significantly from that of the controls. This finding in 
the rat is in disagreement with the reported increase in 
basal metabolic rate of the human produced by nico- 
tinie acid (5, 9). 


As previously reported in a larger series (2), the 
mean serum cholesterol of rats fed nicotinic acid for 
42 days was slightly but significantly lower than that 
of controls maintained on ad libitum diet. However, 
when the food intake of the controls was restricted so 
that their rate of weight gain was the same as that of 
the nicotinic-acid-fed animals, there was no significant 
difference in serum cholesterol levels. It would thus 
appear that in the rat the hypocholesterolemic effect 
of nicotinic acid is due at least in large part to its 
anorectic effect. That the value which best differenti- 
ates the nicotinic-acid-fed animals from their controls 
is the ratio of liver to serum cholesterol also suggests 
that the reduced serum cholesterol is the result of a 
shift of the plasma-liver pool of cholesterol from 
plasma to liver, rather than any net change in choles- 
terol balance. 

No consistent effect of nicotinic acid on the incor- 
poration of acetate-1-C' into cholesterol was ob- 
served. The reason for the failure to observe the 
increased incorporation in the _nicotinic-acid-fed 
groups reported by Merrill is not apparent (1). Since 
he reported only relative values for incorporation, 
exact comparison of the data is not possible. 

The greater incorporation of acetate into cholesterol 
in both control and nicotinic-acid-fed animals in the 
experiment with paired weight gain may be the result 
of either their greater age and weight or of a difference 
in the experimental design. In the groups allowed ad 
libitum diet, no period of fasting was imposed, and 
the acetate was injected between 11:00 a.m. and noon. 
Because the control rats on restricted food intake 
consumed all their food by early evening, while the 
nicotinic-acid-fed rats continued to eat during the 
night, it was necessary to amend this procedure to 
avoid differences in acetate incorporation into choles- 
terol due to differences in immediate nutritional state 
of the animals. Both groups were fasted overnight 
prior to acetate injection. At 8:00 a.m. each animal 
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was given 5 g. of food, all of which was consumed by 
both control and nicotinic-acid-fed rats within 1 hour. 
Acetate was then injected 2 to 3 hours later. 

With regard to the absorption of cholesterol, no 
acute effect of nicotinic acid was observed. Nor did 
the administration of nicotinic acid for 4 days have 
any effect on the disappearance of cholesterol-C'% 
from serum and liver. Assuming that the disappear- 
ance of tagged cholesterol from serum and liver is a 
valid reflection of disappearance of cholesterol from 
all the other body pools, this indicates a lack of nico- 
tinic acid effect on cholesterol excretion. 

That the more prolonged ingestion of nicotinic acid 
(42 days) has no measurable net effect on cholesterol 
balance in the rat, providing weight gain of experi- 
mental and control animals is matched, is indicated 
by the final experiment. 

The hypocholesterolemic effect of nicotinic acid in 
man cannot be due solely to any effect it may have on 
quantity or type of food selected, since Goldsmith 
et al. have observed it to effect a lowering of serum 
cholesterol in patients maintained on constant diets 


(10). It thus seems that the rat differs from man in its 
lack of response to nicotinic acid, provided diet is 
controlled. 
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Effects of intravenous heparin on oxidation of fat 
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SUMMARY 


The intravenous injection of heparin to carbohydrate-fed rats results in an elevation of 
plasma free fatty acid levels and in a lowering of the respiratory quotient from 1.0 to 0.9. 
The injection of heparin simultaneously with palmitic acid-C*-labeled chylomicrons results 
in an elevation of the specific radioactivity of the expired COs. These observations suggest 
that heparin causes an obligatory oxidation of fat, presumably through the release of free 


fatty acid from triglyceride. 


1. has been repeatedly observed in a variety of 
mammalian species, including man, that the intra- 
venous injection of heparin is followed immediately 
by the appearance in the blood stream of a “clearing 
factor.” This factor is apparently identical with the 
enzyme “lipoprotein lipase” isolated by Korn and 
Quigley (1) from adipose tissue. It characteristically 
hydrolyzes the triglycerides contained in chylomicrons 
and low-density lipoproteins with the accumulation, 
at least in vitro, of free fatty acids (FFA). In plasma, 
the latter are “free” in the sense that they are not in 
covalent linkage, but they are, for the most part, 
tightly bound to albumin. 

It has been demonstrated by several groups (2, 3) 
that FFA leave the blood stream more rapidly than 
do chylomicrons, although the half life of the latter is 
a matter of only a few minutes, dependent to some 
extent on the dose (4). If it is assumed that the first 
step in the oxidation of triglycerides is a hydrolytic 
one to form the free fatty acids, then one might expect 
the injection of heparin to have some effect on the 
oxidation of triglyceride fat. 

French and Morris (5) have already demonstrated 
in fed rats injected with palmitic acid-C**-labeled 
chyle that heparin did indeed increase the amount of 
CO. excreted, particularly in the first hour. They 
did not determine the respiratory quotient. The present 
experiments were designed to confirm the findings of 
French and Morris and to extend them. 


METHODS 
Two different types of experiment were designed to 
elucidate the role of heparin in the oxidation of fat. In 
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the first type of experiment the specific activity of the 
expired CO. was measured following the injection of 
palmitic acid-C1-labeled rat chylomicrons or labeled 
FFA, with and without heparin. In the second type of 
experiment, the respiratory quotients (RQ) of carbo- 
hydrate-fed rats were determined with and without 
heparin injection. 

Male Sprague-Dawley rats weighing between 175 
and 300 g. were used. They were housed in individual 
cages. Twenty-four hours before an experiment they 
were offered only sugar tablets to eat and their drink- 
ing water was replaced with a solution of 10 per cent 
sucrose in 0.5 per cent NaCl. All rats subsequently 
used had eaten 5 to 10 g. of sugar and had drunk 50 
to 125 ml. of the sucrose-saline solution. In addition, 
30 minutes before an experiment each animal received 
1 or 2 ml. of 50 per cent sucrose by stomach tube. All 
injections were given by tail vein. Experimental ani- 
mals received 1 ml. of physiologic saline containing 
0.25 mg. heparin; control animals received the saline 
only. 

When the specific activity of the expired CO2 was 
being measured, carbohydrate-fed rats received either 
heparin or saline intravenously, followed by 1 ml. of 
labeled chylomicrons or FFA. The chylomicrons were 
prepared by methods previously described (6) from 
chyle obtained from a cannulated rat which had pre- 
viously been fed olive oil containing a trace amount of 
palmitic acid-1-C'*. Previous experience (2) has 
shown that 97 per cent of the chylomicron label is in 
the triglycerides. The preparation of FFA was made 
by the method previously described (3). It con- 
tained palmitic acid-1-C!* bound to bovine serum 
albumin and dissolved in Krebs-Ringer solution buf- 
fered at pH 7.2. Following injection of the label, the 
animal was immediately placed in a train with the 
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TABLE 1. Errecr oF HEPARIN ON THE CQO, EXCRETION AND ON THE SpPEcIFIC ACTIVITY OF THE CO, 
AFTER THE INJECTION OF C!4-LABELED CHYLOMICRONS OR C!4-LABELED FREE Farry Acips (FFA) 


Significance of Significance of 
No. of Difference - Difference 
Rats Treatment CHO, S.A. of CO, 
t Pp t Pp 
per cent of dose cpm./mmole 
8 C'4-Chylos + saline 1.30 + 1.25* 1400 + 1195 * 
8 C'4-Chylos + heparin 4.42 + 3.62 2.15 0.05 5039 + 3462 2.51 0.025 
9 C'4U-FFA + saline 9.44 + 6.23 776 + 496 
9 C'-FFA + heparin 5.28 + 3.08 1.69 0.1 506 + 265 1.89 0.05-0.1 


* Standard deviation. 


following characteristics: Room air was drawn 
through soda lime and then through a cylindrical glass 
chamber just large enough to accommodate the rat 
comfortably. Moisture was condensed out by passing 
the air around a container of solid COs in ethanol. 
The dry air was bubbled through sintered glass into 
100 ml. of a solution of about 0.25 N Hyamine in 
methanol, as devised by Fredrickson and Ono (7). A 
final Ba(OH). trap indicated that no CO. escaped 
through the Hyamine. Collections continued for 30 
minutes, after which time 5 ml. aliquots were titrated 
in triplicate with 0.25 N HCl and 2 ml. aliquots were 
counted in duplicate in a liquid scintillation counter 
after the addition of 15 ml. of a 0.5 per cent solution 
of diphenyloxazole in toluene. 

When the respiratory quotient was being measured, 
the animal was placed in a closed-circuit train through 
which CO2-free room air was circulated. A pump cir- 
culated the air through the animal chamber, a CO. 
absorbant (100 ml. of 0.5 N KOH), a spirometer of 6 
1. volume, and the pump. The animal remained in the 
train for 1 hour following injection. Oxygen consump- 
tion was read directly from the spirometer scale with 
a maximum error of 3 per cent. Excreted COs was 
measured by titration of the KOH with 0.5 N HCl 
in triplicate samples. Individual titrations were within 
2 per cent of the mean. The experiments were per- 
formed in an air-conditioned room and it was assumed 
that during the collection temperature and atmos- 
pheric pressure did not vary significantly. 

It has been shown by Grossman et al. (8) that the 
intravenous injection of heparin in fasting rats is 
followed by an increase in the FFA content of the 
blood. It was necessary, however, to demonstrate the 
same phenomenon in carbohydrate-fed animals. Six- 


teen such rats were divided into two groups, one of 
which received heparin in saline and the other saline 
only. 

Fifteen minutes later each animal was anesthe- 
tized with intravenous pentobarbital and 5 ml. of 
blood was rapidly withdrawn from the aorta into a 
syringe containing a small amount of dry heparin. 
The blood was immediately transferred to centrifuge 
tubes in a bath of ice water. The blood was centrifuged 
at 0°C and 1 ml. of plasma extracted in duplicate. 
The FFA were determined by the method of Dole (9). 
We had previously determined, as had Grossman et al. 
(8), that incubation of rat blood in ice water com- 
pletely inhibited the activity of lipoprotein lipase. It 
was necessary to do this to prove an in vivo effect of 
heparin on FFA levels. 


RESULTS 


The results of the experiments in which labeled 
chylomicrons or FFA were injected with and without 
heparin are presented in Table 1. Following the injec- 
tion of chylomicrons, heparin more than tripled the 
amount of CO, expired, as well as tripling the speci- 
fic activity of the COs. Following the injection of 
labeled FFA, there was an actual decrease both in the 
amount of C1#Oz and in the specific activity of the 
CO,. Although not statistically significant (p — 0.05- 
0.1), this probably represents a dilution of the circu- 
lating isotope caused by the elevation in plasma FFA 
brought about by heparin, as is shown in Table 2. 

In addition to showing a significant elevation in 
plasma FFA levels following the injection of heparin, 
Table 2 also shows that heparin lowers the respiratory 
quotient. In one experiment, 11 rats that received 
saline are compared with 10 rats that received he- 
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TABLE 2. Tue Serum Free Farry Acip (FFA) LEVELS AND THE 
RESPIRATORY QUOTIENTS OF CARBOHYDRATE-FED Rats 
INJECTED WITH SALINE OR HEPARIN 


Significance of 
Difference 
No. of Treat- 
Rats ment FFA RQ 
t Pp 
meq./l. 
8 Saline 0.17 + 0.033 * 
8 Heparin 0.24 + 0.048 3.03 <0.01 
11 Saline 0.97 + 0.070 * 
10 Heparin 0.87 + 0.065 3.22 <0.01 
107 Saline 1.02 + 0.08 
10 Heparin 0.90 + 0.09 4.20 <0.005 


* Standard deviation. 


+ Saline and heparin injected into same animals. 


parin. In a second experiment, 10 rats served as their 
own controls; the RQ was determined first after saline 
and then after heparin. In the interval between these 
measurements, additional carbohydrate was given by 
stomach tube. In both experiments the RQ of the 
animals receiving saline approached unity, indicating 
that their energy requirements were being met pri- 
marily through the oxidation of carbohydrate. In both 
experiments there was a highly significant decrease in 
the RQ after the injection of heparin. 


DISCUSSION 


As pointed out by French and Morris (5), who 
demonstrated an increased rate of excretion of C'O, 
in rats receiving labeled chyle and heparin as com- 
pared to saline controls, the effect is probably ex- 
plained by the observation that FFA is more readily 
available for oxidation than is triglyceride. The injec- 
tion of heparin with chylomicrons, through the release 
of lipoprotein lipase, permitted a more rapid conver- 
sion of the triglyceride to FFA. This interpretation is 
strengthened by the observation that when the label 
was injected as FFA, heparin had no such effect. It 
should not be inferred from these findings that retrans- 
port of chylomicron triglyceride as plasma FFA is an 
obligatory step preceding oxidation. That some chylo- 
microns may be removed from the blood and oxidized 


without recycling as plasma FFA has been emphasized 
by Fredrickson et al. (10). 

Of more interest is the observation that heparin will 
lower the RQ of carbohydrate-fed rats. The injection 
of heparin apparently results in an obligatory oxida- 
tion of fat, even in the presence of adequate amounts 
of carbohydrate. One can only speculate on the mech- 
anism involved here, but it seems not unlikely that 
the release of lipoprotein lipase causes the hydrolysis 
of adipose or other tissue triglyceride, and that the 
accumulation of FFA, as reflected in an elevation of 
plasma FFA, brings about an obligatory oxidation. 
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SUMMARY 


Chylomicrons were isolated from the thoracic duct chyle and from the blood serum of rats, 
and from the serum of human subjects following the ingestion of different natural oils. The 
fatty acid composition of the chylomicrons was compared with that of the dietary fat by gas 
chromatography and was found to be very similar. 


D ole et al. (1) have recently reported a remark- 
able constancy of fatty acid composition of chylomi- 
crons separated from human plasma during the period 
of absorption of fats differing greatly in fatty acid 
composition. They speculated as to possible mecha- 
nisms involved. Either the fatty acids were chemically 
altered during absorption through the intestinal wall 
or there was rapid recycling between chylomicron 
fatty acids and tissue fatty acids. The purposes of 
this paper are to report the analyses of chyle and 
serum chylomicrons following the feeding of different 
fats to rats, and to attempt to confirm Dole’s findings 
in human blood chylomicrons. 


METHODS 


Polyethylene cannulae were inserted in the thoracic 
ducts of three rats. The following day the animals 
were fed 1 ml. of coconut oil, olive oil, and cod liver 
oil, respectively. The chyle was collected and the 
chylomicrons isolated and washed as previously de- 
scribed (2). In brief, the chyle was layered under 
0.15 M NaCl and centrifuged at 100,000 x g for 30 
minutes. The butterlike material at the top of the tube 
was re-emulsified in 0.15 M NaCl and recentrifuged. 
This process of washing was repeated. In order to get 
rat serum chylomicrons, groups of four fasting rats 
were fed each of the three oils. They were bled from 
the aorta 3 hours later; the blood from each group 
was pooled, and the serum was treated essentially as 
the chyle. 

Two young women, who had spent several months 
in the Clinical Center as volunteer controls and who 
had been on a mixed diet (limited to 35 g. of fat per 
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day) were fed a formula breakfast in which the sole 
source of fat was either coconut oil or corn oil. The 
dose was 2 g. per kg. of body weight. They were bled 
fasting and 6 hours postprandially. Their serum sam- 
ples were treated differently from the rat serum 
samples. Layering and washing took place in saline 
containing 0.01 M phosphate buffer at pH 7.4 and 
0.05 per cent of the disodium salt of ethylene diamine 
tetraacetic acid. Centrifugation was carried out for 30 
minutes at only 26,000 X g and the chylomicrons were 
subjected to three washings in addition to the original 
separation. 

Samples of the fats fed the rats, of the formula diets 
fed the human subjects, and of the chylomicrons were 
extracted in chloroform-methanol as previously de- 
scribed (2). Aliquots of the chloroform phase were 
evaporated to dryness at 20°C under nitrogen. Methyl] 
esters were prepared by the transesterification proce- 
dure of Stoffel et al. (3), which involves refluxing the 
lipids with methanol, through which dry HCl gas has 
been passed until the HCl concentration is 5 per cent 
(w/w) in the methanol. The methyl esters were then 
extracted into redistilled hexane, and concentrated by 
evaporation under nitrogen. Aliquots were analyzed 
by gas chromatography. 

The column used was a glass column, 8 feet long, 5 
mm. I.D., filled with chromosorb W, siliconized with 
dimethyl dichlorosilane according to the method of 
Horning et al. (4), on which 15 per cent (w/w) of a 
polyester of adipate diethylene glycol had been coated. 
Analyses were performed at 200°C with a gas flow of 
100 ml. per minute. Detection devices used in this 
study included a hot wire katharometer (model K5, 
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TABLE 1. Tue Percentace Fatry Acip Composition or 3 O1ts CoMPARED WITH THE COMPOSITION OF CHYLOMICRONS 
SEPARATED FROM CHYLE AND SERUM OF Rats FoLLOWING INGESTION OF THE OILS 


Fatty acids * 12:0 14:0 16:0 16:1 18:0 18:1 18:2 20:0 ¢ 20:1 t 22:1 Tf 
Olive oil 0.0 16 1.8 2.1 67 13 
Chyle chylomicrons 0.0 16 22 2.9 63 15 
Serum chylomicrons 0.0 17 2.3 2.0 64 15 
Cod liver oil 6.2 18 16 3.3 32 aa 2.0 10 12 
Chyle chylomicrons 6.5 21 17 4.1 34 4.6 1.0 8.1 4.5 
Serum chylomicrons 5.1 21 15 4.6 33 6.3 1.5 6.7 6.7 
Coconut oil tf 71 17 ef 0.0 1.9 32 1.0 
Chyle chylomicrons 56 20 8.2 0.0 2.1 8.2 4.3 
Serum chylomicrons 37 16 17 1.2 3.9 16 8.6 


* The first number refers to the number of carbon atoms; the second number refers to the number of double bonds. 

+ The fatty acids labeled 20:0, 20:1, and 22:1 are designated as such from retention volume data on adipate-diethylene glycol poly- 
ester gas chromatography columns. Their identity has not been confirmed by chemical determinations or by the use of other columns. 
They may represent more highly unsaturated esters of shorter chain length. 

t The acids shorter than 12:0 have been ignored in computing the composition. 


Burell and Co.) and an argon-ionization detector simi- 
lar to that developed by Lovelock (5), employing a 
300 ue. radium foil. Voltage and amplifier settings were 
kept constant throughout the analyses. 

At least two analyses of each sample were per- 
formed. The volume of the aliquots analyzed was 
varied in order to present long- and short-chain esters 
of the mixture to the detector cells in approximately 
equal concentrations, thus permitting more accurate 
quantification. Acids present in trace amounts have 
been ignored. 


RESULTS 


The fatty acid composition of the three fats that 
were fed to the rats and of the chylomicrons obtained 
both from the chyle and from the serum are presented 
in Table 1. In the case of olive oil and cod liver oil 
feeding, the composition of the chylomicrons, whether 
from chyle or serum, exhibits a remarkable similarity 
to the dietary fat. The only significant difference in 
this regard occurs in the chylomicrons after cod liver 
oil feeding. This oil contains very little linoleic (18 : 2) 
acid, and it appears that some of this acid was added 
from nondietary sources in the intestinal mucosa. In 
the rat fed coconut oil, which has a very high content 
of lauric (12:0) acid, there is a significant decrease 
in the concentration of this acid in the chyle chylo- 
microns. This is not surprising in view of the findings 
of Bloom et al. (6) that only 15 to 55 per cent of fed 
lauric acid is absorbed via the lymph in rats; the re- 


mainder of this relatively short-chained acid is pre- 
sumably absorbed via the portal system, as less than 
5 per cent of the dose could be recovered in feces and 
intestinal contents. Shorter acids are absorbed entirely 
through the portal system and for this reason have 
been ignored in computing the composition of the 
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Fic. 1. The percentage fatty acid composition of rat serum 
chylomicrons following the ingestion of 3 different oils. The 
fatty acids are identified as follows: the first figure refers to 
the number of carbon atoms; the second figure refers to the 
number of double bonds. 
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18 TABLE 2. Tue PercentaGe Farry Acip Composition oF 2 O1ts COMPARED WITH THE 
Composition oF Human SeruM CuyLomicrons 6 Hours INGESTION OF THE OILS 
1+ Fatty acids 12:0 14:0 16:0 16:1 18:0 18:1 18:2 
Corn oil 0.0 0.5 17 0.0 1.2 25 57 
Chylomicrons 0.7 0.7 16 1.2 2.4 28 51 
een Coconut oil * — 73 19 6 0.0 2.0 0.0 0.0 
2 Chylomicrons 24 23 27 1.2 5.0 16 3.2 
7 * The source of this oil differed from that fed the rats. - 
coconut oil. Comparing the composition of the chyle fatty acid composition of the serum chylomicrons was 
chylomicrons with the composition of the coconut oil, almost identical to that of the corn oil. When coconut 
it is apparent that oleic (18:1) and linoleic (18:2) oil, with a preponderance of short-chain acids, was fed, 
acids have been added from nondietary sources. This — the result was similar to that observed in the rat, and 
is the only case in which the serum chylomicrons differ | presumably for the same reason: that most of the 
poly- significantly from the chyle chylomicrons. There is a laurie acid (12:0) was absorbed via the portal sys- 
umns further reduction in the short-chain acids with a rela- tem. The composition of the serum chylomicrons is 
tive increase in those of 16 and 18 carbon atoms. The shown graphically in Figure 2. 
chemical composition of the serum chylomicrons is 
DISCUSSION 
pre- shown graphically in Figure 1. 
than In the two human subjects one can compare only the Dole et al. (1) have reviewed the older literature, 
; and serum chylomicrons with the dietary fat, and these — with its conflicting data, on the effect of dietary fat on 
irely data are presented in Table 2. When corn oil, which — the composition of chylomicrons. In most cases whole 
have contains long-chain acids exclusively, was fed, the lymph, rather than chylomicrons only, was analyzed. 
the 
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serum Fic. 2. The percentage fatty acid composition of human serum 
s. The chylomicrons following the ingestion of 2 different oils. The 
fers to fatty acids are identified as follows: the first figure refers to 
to the the number of carbon atoms; the second figure refers to the 


number of double bonds. 
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It is well known that whole lymph contains lipids other 
than those immediately absorbed from the intestine. 
Dole and his co-workers, although they did find signif- 
icant differences in the fatty acid composition of serum 
chylomicrons following the feeding of coconut oil or 
corn oil, stressed their relative similarity and empha- 
sized the differences between the composition of the 
chylomicrons and the composition of the dietary fat. 
The findings presented here differ from those of Dole, 
and show a similarity in composition between chylo- 
microns and the dietary fat. This discrepancy can per- 
haps be explained by the difference in methods used 
for the separation of the chylomicrons. Dole and his 
co-workers layered human serum under physiological 
saline and centrifuged at 100,000 x g for 30 minutes. 
They then analyzed the material in the top of the tube. 
This gravitational field is sufficient to cause many low 
density lipoproteins, as well as chylomicrons, to rise 
to the top of the tube. Furthermore, they did not wash 
their chylomicron preparations, which were presum- 
ably contaminated with fatty acids not of immediate 
dietary origin. The human chylomicrons analyzed here, 
on the other hand, were removed from the top of the 
tube after centrifuging for 30 minutes at only 26,000 
X g and they were washed three times to free them of 
contaminating lipoproteins. It is true that the rat 
chylomicrons described here were isolated under cen- 
trifugal conditions identical to those of Dole, but rat 
serum contains very low concentrations of low density 
lipoproteins, only a small fraction of those often en- 
countered in human serum, and again the chylomicrons 
were washed. 

Ten ml. of the fasting human serum yielded so few 
chylomicrons that analysis was impossible. The usual 
sample of fatty acid esters placed on the column was 
in the neighborhood of 30 yg. 

In the rat fed cod liver oil, linoleic acid appeared to 
have been added to the chyle chylomicrons from non- 
dietary sources. In the coconut oil-fed rat both oleic 


J. Lipid Research 

January, 
and linoleic appear to have been added. It is possible 
that bile, pancreatic juice, and digested epithelial cells 
are the source of these acids. 

The only significant change in the composition of 
chylomicrons occurring after they have entered the 
blood stream appears in the case of coconut oil-fed 
rats, in which lauric (12:0) and myristic (14: 0) 
acids appear to have been selectively removed, with 
the result that the long-chain acids appear relatively 
more abundant. No explanation is offered for this ob- 
servation. 

The fact that the fatty acid composition of serum 
chylomicrons closely resembles that of the chyle chylo- 
microns indicates that very little, if any, exchange or 


recycling occurs between chylomicron fatty acids and 


tissue fatty acids. At least this appears true for the 
longer-chained acids, a fact which tends to validate 
recent work from this laboratory on the metabolism of 
chylomicrons (7, 8). Such is not true for the free fatty 
acids of the blood, which, as shown by Dole e¢ al. (1), 
can be only slightly influenced in composition by short- 
term changes in the diet, and which presumably rapid- 
ly reach chemical equilibrium with adipose tissue (9). 
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SUMMARY 


The addition of cerebroside preparations to synthetic diets fed to rats caused an increased 
excretion of sterol in the feces as measured by the Liebermann-Burchard. reaction. The mixed 
fatty acid esters obtained by hydrolyzing the cerebrosides had a similar but less marked effect. 
Both cerebrosides and fatty acid esters increased the concentration of Liebermann-Burchard- 
positive sterol in the feces. The amounts of sterol in the diet were insufficient to contribute 
significantly to the fecal sterol and no component of the cerebroside preparations other than 
fatty acids was found to affect sterol excretion. The activity displayed by the fatty acid frac- 
tion did not seem to be restricted to one particular fatty acid. Cholesterol was found to be 
the main chromogenic sterol in the feces during the first week that cerebrosides were fed. 
Possible mechanisms for this response to the feeding of cerebrosides are discussed. 


"The feeding of long-chain mono-unsaturated 
fatty acids such as erucic acid (Coe) and nervonic 
acid (C24) to rats has been shown to increase the con- 
centration of cholesterol in the adrenals and liver and 
to promote the excretion of fecal cholesterol in the ab- 
sence of dietary sterol. Saturated fatty acids with 
chain length of Cig or greater were also found to in- 
crease the fecal excretion of sterol but seemed to have 
little or no effect on tissue levels (1). Nervonic acid is 
a component of the cerebrosides found in the central 
nervous system, and the effect of crude preparations 
of these compounds on cholesterol metabolism was also 
investigated. Preliminary results showed that they in- 
creased fecal sterol excretion but had little effect on 
tissue cholesterol levels (1). Jones and his associates 
have reported that the feeding of cerebrosides causes 
an increased excretion of fecal sterol (2, 3) and fur- 
ther, they have found that administration of cerebro- 
side preparations lowers the blood cholesterol level of 
patients and of experimental animals with hypercho- 
lesterolemia (4, 5). These preparations also appear to 
increase the turnover rate of serum cholesterol (6). 

In the present study an attempt has been made to 
separate and identify the cerebroside fractions which 
affect the excretion of fecal sterol in rats and to ex- 

* This research was supported by the Life Insurance Medical 


Research Fund and by the National Research Council of 
Canada. 


amine further the possible relationship between this 
effect and that observed with individual fatty acids. 


METHODS 


Three different cerebroside preparations were used 
in these experiments. Beef brain or spinal cord was 
obtained in the frozen state and was extracted in 50 lb. 
lots by the method of Carter et al. (7). A commercial 
preparation of cerebrosides made from a mixture of 
brain and spinal cord! was used for most of the later 
work. The galactose, phosphorus, and sterol content of 
these different preparations is shown in Table 1. 

The galactose content was determined by a direct 
anthrone method as follows:? Anthrone reagent was 
prepared by dissolving 500 mg. of anthrone in 200 ml. 
of concentrated sulfuric acid and diluting the solution 
to 500 ml. with 54 per cent sulfuric acid (150 ml. of 
concentrated sulfuric acid diluted with 210 ml. of 
water). This reagent was stored in a dark bottle and 
could be used for about 2 weeks. Cerebroside prepara- 
tions were dissolved in ethyl alcohol with warming and 
diluted to a concentration of about 1 mg. per ml. At 


* The author is indebted to Dr. David Klein, of the Wilson 
Laboratories, Chicago, for generous supplies of cerebroside 
preparation WT-5. 

*Dr. J. F. Richards collaborated in the development of this 
method. 
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this concentration the cerebrosides tend to precipitate 
slowly on standing at room temperature, so the solu- 
tions were normally made up on the day on which they 
were analyzed. In some cases (e.g., psychosine sulfate) 
it was necessary to use 40 : 60 ethanol-water to dissolve 
the sample and in other cases the sample was dissolved 
in a small amount of chloroform and then diluted with 
ethanol to the required concentration. It was found 
that 4 per cent chloroform in the ethanol solution did 
not interfere with the determination. 

One-half ml. of each cerebroside solution was trans- 
ferred to a test tube (25 & 150 mm.) and 10 ml. of 
anthrone reagent was added with mixing. When the 
anthrone is made up in diluted sulfuric acid, it is not 
necessary to cool the tube during this addition (8). 
The tubes were placed in a boiling water bath for ex- 
actly 8 minutes, then removed and placed immediately 
in cold water. After cooling, they were read in an 
Evelyn colorimeter with a 620 my filter against a blank 
which was prepared with 0.5 ml. of ethanol and 10 ml. 
of anthrone reagent and carried through the same heat- 
ing procedure. A standard curve was prepared by using 
0.5 ml. samples of aqueous galactose solutions contain- 
ing from 20 to 400 yg. per ml. of galactose. 

Phosphorus was determined by the method of King 
(9) after oxidation of the samples with 70 per cent 
perchloric acid. For measurement of sterol content, 
400 mg. of cerebroside were taken up in 10 ml. of hot 
acetone-alcohol (1:1), the solution was allowed to 
cool, filtered, and the sterol in a 5 ml. aliquot was 
precipitated with digitonin and measured by the 
Sperry-Webb procedure (10). 

Recrystallization of Wilson Cerebrosides. Two hun- 
dred g. of crude cerebrosides were dissolved in 1000 
ml. of chloroform-methanol (3:1) and precipitates 
were removed after cooling to room temperature, to 
3°C and to —16°C (Fractions 1 to 3). The filtrate 
was then mixed with an equal volume of acetone and 
precipitates were removed at room temperature and 
—16°C (Fractions 4 and 5). The amounts of these 
various fractions and their sugar and phosphorus con- 
tent are listed in Table 1. 

Preparation of Partial Hydrolysis Products of Cere- 
brosides. The method of Carter and Fujino (11) was 
used for the preparation of psychosine sulfate from 
80 g. lots of Wilson cerebrosides. In preparations 1 
and 2 (Table 1), the cerebrosides were first recrystal- 
lized from glacial acetic acid and chloroform-methanol 
(3 : 1), respectively, while in preparation 3 the cere- 
brosides were used without purification. The purified 
cerebrosides gave somewhat better yields of psychosine 
sulfate, but when the losses on recrystallization were 
taken into account, the best over-all yield was ob- 
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TABLE 1. ANALysis OF CEREBROSIDE PREPARATIONS 


Cerebroside Galac- Phos- 
Preparation Yield | tose * phorus 
per cent | percent | percent | per cent 
Beef brain 16.5 1.26 0.02 
Beef spinal cord 16.4 1.20 0.13 
Wilson Laboratories 
Lots 1-3 15.4 1.42 0.02 
Lots 4-5 11.6 1.91 0.05 
Recrystallized 
Fraction 1 10 26.6 0.22 
Fraction 2 18 19.0 0.72 
Fraction 3 42 14.3 1.35 0.01 
Fraction 4 8 10.8 2.09 
Fraction 5 16 6.8 2.62 
Residue 2 12 2.53 
Psychosine sulfate 
1 15 32.1 
2 13 30.8 
3 20 30.8 
Psychosine 16 36.5 0.05 
Ceramide 36 3.2 0.25 0.03 


* Theoretical values for galactose content are as follows: 
cerebrosides (22% approx.), psychosine sulfate (35.3%), and 
psychosine (39.0%). Pure ceramide contains no galactose. The 
high value for Fraction 1 of the recrystallized cerebrosides may 
be due to the presence of gangliosides which contain 40 to 43% 
galactose. 

+ Digitonin-precipitable, Liebermann-Burchard-positive sterol 
calculated as cholesterol. 


tained by using the crude cerebrosides directly. Since 
the galactose content of the latter preparation appeared 
to be satisfactory, no recrystallization was carried out 
in preparing material for the feeding tests. 

For regenerating the free base, the product from 
three 80 g. runs was dissolved in 400 ml. of water and 
2.5 per cent barium hydroxide solution was added un- 
til precipitation was complete at a pH of 11 to 12. 
The mixture was then warmed on a steam bath until 
the precipitate coagulated. Some difficulty was en- 
countered in filtering this precipitate, so most of the 
supernatant was decanted and the residue was cen- 
trifuged. After several washings with water in the 
centrifuge tube, the material filtered readily; it was 
washed with water until neutral, dried, and then ex- 
tracted with three 1-l. portions of hot alcohol. The 
combined extracts were allowed to cool to room tem- 
perature and filtered. The alcohol was removed from 
the filtrate to yield 40 g. of a pale yellow product, 
which was probably a mixture of psychosine and 
dihydropsychosine. 
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Ceramide was prepared from 20 g. lots of Wilson 
cerebrosides by hydrolysis with a mixture of acetic 
and sulfuric acids according to the procedure of Klenk 
(12). The crude residue from the ether extract was 
used without further purification for the feeding tests. 
Analytical figures for both psychosine and ceramide 
preparations are given in Table 1. 

Preparation of Mixed Fatty Acid Esters from Cere- 
brosides. To a solution of 75 ml. of concentrated 
sulfuric acid in 1500 ml. of methanol, 150 g. of cerebro- 
sides were added, and the mixture was refluxed for 
6 hours (13). After cooling, it was extracted with 3 
portions of 1000 ml. of petroleum ether (b.p. 35°- 
60°C). The combined extract was washed twice with 
400 ml. portions of 50 per cent methanol in water and 
once with 300 ml. of water. It was then dried with 
sodium sulfate and the petroleum ether was removed 
im vacuo. This yielded 65 to 70 g. of fatty acids in the 
form of methyl esters. The preparation from beef 
spinal cord cerebrosides was a white solid which melted 
on warming. That from beef brain cerebrosides was a 
light brown and that from Wilson cerebrosides a dark 
brown solid. However, the latter could be distilled in 
vacuo to give a product which was only slightly col- 
ored. 

Fractional Crystallization of Mixed Fatty Acid Es- 
ters from Wilson Cerebrosides. Two hundred thirty g. 
of distilled methyl esters (iodine value 26.2, saponifi- 
cation equivalent 341) was recrystallized twice from 
4600 ml. of methanol at 3°C to give 84 g. of precipitate 
(iodine value 3.6, saponification equivalent 371). The 
first filtrate was concentrated to 850 ml. and cooled 
to 3°C, giving 46 g. of precipitate (iodine value 29.3). 
This was recrystallized from 850 ml. of methanol at 
3°C and the filtrates from these two crystallizations 
were combined, concentrated to 400 ml. and cooled to 
3°C to remove a further precipitate. The esters re- 
maining in solution weighed 60 g. (iodine value 54.3, 
saponification equivalent 292). 

Fractional Distillation of Mixed Fatty Acid Esters 
from Wilson Cerebrosides. Distilled methyl esters 
(310 g.) were redistilled at reduced pressure through a 
Todd fractionating column.* The results are shown in 
Table 2. 

Preparation of Mixed Bases from Cerebrosides. 
Cerebrosides prepared from beef brain or spinal cord 
were hydrolyzed with sulfuric acid in methanol and 
the fatty acid esters were extracted as described previ- 
ously. The ether-soluble bases were then recovered 
from the methanol layer by the extraction procedure 
described by Carter et al. (13). The ether extract from 


* Todd Scientific Co., Springfield, Pa. 


CEREBROSIDES AND STEROL EXCRETION 173 


TABLE 2. Fractionat DISTILLATION OF Farry AcIp 
Esters rrom WILSON CEREBROSIDES 


Fraction | Weight Boiling Todine Saponification 
Range Value Equivalent 
q. 

1 38 155-63 14 284 

2 76 167-72 19 300 

3 18 180-87 30 301 

4 17 197-205 47 348 

5 82 215-25 36 384 

6 51 230-33 31 399 
Residue 14 —— 31 399 


300 g. of hydrolyzed spinal cord cerebrosides was 
washed, dried with sodium sulfate, concentrated to 
750 ml., and allowed to stand at 3°C. This gave 12 g. 
of white precipitate (melting range 70°-73°C). Cool- 
ing the extract to —16°C gave a further 30 g. of light 
yellow precipitate (melting range 60°-65°C). The 
residue from the ether was a brown gummy material 
(15 g.), from which it was difficult to remove the last 
of the solvent. Hydrolysis of beef brain cerebrosides 
gave smaller quantities of product (2.5 g. at 3°C and 
15 g. at —16°C), which were more colored than those 
from spinal cord but melted in the same temperature 
range. The sulfates and triacetyl derivatives of the 
mixed bases from beef spinal cord cerebrosides were 
prepared by the methods of Carter et al. (13). The 
triacetyl derivative melted at 99°-100°C. Carter’s tri- 
acetylsphingosine melted at 101°-102°C and triacety]- 
dihydrosphingosine melted at 102°-103°C. 

Dietary Experiments. Feeding experiments were 
conducted in the same way as those described previ- 
ously (1). Male rats of the Sprague-Dawley strain, 
weighing 80 to 90 g., were caged in groups of three. 
Their feces were discarded for the first 2 days of the 
feeding period, following which they were collected 
and the food intake measured for two successive 7-day 
periods. The diets had the following composition, cal- 
culated on a per cent by weight basis: casein, 19 to 23 
per cent; lipid preparation, 0 to 15 per cent; salt mix- 
ture, 4 to 5 per cent; Cellu flour, 5 per cent; and 
glucose, to make 100 per cent. The casein was in- 
creased in the fat-containing diets in an attempt to 
keep constant the proportion of calories derived from 
protein. An adequate supplement of water-soluble 
vitamins was added to each diet, but fat soluble vita- 
mins were omitted since most of the experiments were 
of short duration and it was felt that deficiencies were 
unlikely to occur. The sources of the dietary materials 
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and the composition of the vitamin mixture have been 
described previously (14). 

Determination of Fecal Sterols. In most experiments 
the fecal sterol was measured colorimetrically by the 
Sperry-Webb procedure (10). Weighed aliquots of 
about 100 mg. of dried, powdered feces were extracted 
3 times with 3 ml. portions of boiling acetone: alcohol 
(1:1), the combined extracts were made to 10 ml., 
filtered, and a 2 to 3 ml. aliquot used for the deter- 
mination. The results of the colorimetric assay were 
calculated as though the chromogenic sterol were 
cholesterol. However, some fecal sterols develop colors 
at different rates and intensities (15). Therefore these 
results do not necessarily give a true picture of the 
total excretion of fecal sterols. 

In earlier experiments in which erucic acid was fed 
to rats, the fecal sterols were separated by chromatog- 
raphy on alumina, and it was shown that cholesterol 
was the main chromogenic sterol excreted under those 
conditions (1). An attempt to carry out a similar 
separation of the fecal sterols of rats fed cerebrosides 
was complicated by the large amounts of unabsorbed 
cerebrosides in the feces, which made it difficult to 
obtain quantitative recovery of sterols in a form suit- 
able for chromatography. However, the following pro- 
cedure has been found satisfactory for the purpose: 
Aliquots of feces weighing 10 g. were extracted with 
ether for 48 hours in a Soxhlet apparatus. The ether 
extract was centrifuged, the precipitate washed with 
small amounts of ether, and the washings were added 
to the original supernatant. The ether solution was 
then concentrated to 25 ml. and 5 volumes of acetone 
were added. The precipitate was centrifuged and 
washed with acetone. The supernatant and washings 
were combined, taken to dryness, and the residue was 
taken up in 10 to 20 ml. of ether. Four volumes of 
acetone were added, the solution was cooled to 0°C, 
and a further precipitate was separated. The super- 
natant and washings were combined and taken to 
dryness as before, giving a residue which weighed 
approximately 1 g. This was taken up in a small vol- 
ume of Skellysolve B and added to a column (8.0 em. 
in length by 2.9 em. in diameter) containing 30 g. of 
Florisil.4 The column was eluted with a mixture of 
Skellysolve B and ether® (9:1), according to Radin 
and Kishimoto (16). A nearly quantitative recovery of 
chromogenic sterol was obtained in the first 400 ml. of 
effluent from the column with the cholesterol fraction 


*An activated magnesium silicate, 60/100 mesh, obtained 
from the Floridin Co., Tallahassee, Fla. 

*Skellysolve B is a mixture of hydrocarbons (mainly n-hex- 
ane) boiling at 60°-71°C. It was dried over sodium and dis- 
tilled and the portion boiling at 68°-70°C was used. 
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appearing between 200 and 400 ml. The sterols eluted 
from the Florisil column were then rechromatographed 
on alumina as described.in our earlier work (1). Cho- 
lesterol was identified by its position on the chromato- 
grams and its infrared spectrum. Further, the Lieber- 
mann-Burchard color developed by fractions in the 
cholesterol region of the alumina chromatogram cor- 
responded closely with that expected from the weight 
of the fractions if all of the material were cholesterol. 


RESULTS 


The effects of dietary cerebrosides and cerebroside 
fatty acid esters on the excretion of chromogenic 
sterol in the feces are presented graphically in Figure 1 
and results obtained by feeding erucic acid are in- 
cluded for comparison. These results show that unhy- 
drolyzed cerebrosides cause a greater increase in total 
fecal chromogenic sterol than do the fatty acid esters 
derived from them. Part of this difference can be ac- 
counted for by the greater bulk of feces excreted when 
diets containing cerebrosides are fed, but in most experi- 
ments cerebrosides seemed also to increase the concen- 
tration of chromogenic sterol in the feces more than 
did the fatty acid esters (Fig. 1 and Table 3). The re- 
sults obtained with erucic acid, fed at levels of 10 and 
15 g. per 100 g. of diet, were comparable to those of the 
mixed fatty acid esters of cerebrosides, but erucic acid 
had little effect on sterol excretion when fed at the 5 
per cent level while both cerebrosides and their fatty 
acid esters gave measurable effects at the 2 per cent 
level in the diet. 

Attempts to fractionate crude cerebroside prepara- 
tions by recrystallization from chloroform-methanol 
failed to localize the sterol excretion effect to any par- 
ticular fraction, although it did appear that the frac- 
tions having the highest and lowest sugar content 
were somewhat less active than the others. Experi- 
ments on fractionation of the fatty acid esters either 
by recrystallization or by fractional distillation like- 
wise failed to produce evidence for a single active com- 
ponent (Table 3). 

A mixture of ceramides obtained by partial hydroly- 
sis of a crude cerebroside preparation gave results 
comparable to that of the mixed fatty acid esters fed 
at the same level. Attempts to assess the effect of 
preparations of psychosine or sphingosine were com- 
plicated by the fact that such preparations were toxic 
even when fed at the 1 per cent level in the diet.® 
Triacetylsphingosine appeared to have no effect on 
fecal sterol excretion. 


°K. K. Carroll, unpublished observations. 
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Effect of Cerebrosides on Absorption of Exogenous 
Cholesterol. A balance experiment was carried out in 
which a diet containing 5 per cent of Wilson cerebro- 
sides was fed with and without added cholesterol. The 
results given in Table 4 indicate that 30 to 40 per cent 
of the exogenous cholesterol was absorbed under these 
conditions. 

Nature of the Fecal Sterol. The fecal sterol was 
nearly all in the free form when diets containing un- 
hydrolyzed cerebrosides or ceramides were fed. When 
10 or 15 per cent fatty acid esters derived from cere- 
brosides were fed, most of the fecal sterol was esterified, 
but when they were fed at lower levels, most of the 
sterol was in the free form. In one experiment feces 
were collected for prolonged periods and the chro- 
mogenic sterol was determined on a series of weekly 
collections (Fig. 2). Rats fed a diet containing 15 per 
cent of Wilson cerebrosides excreted large amounts of 
chromogenic sterol during the first two collection 
periods. The amount then dropped abruptly to about 
one-half the initial value and the new level was main- 
tained for at least 5 weeks. When fatty acid esters 
derived from cerebrosides were fed, no change in the 
rate of excretion of chromogenic sterol was observed 


mg. / rat / day 
T 


EXCRETED 


at the end of 2 weeks, but a decrease was observed 
after 5 to 6 weeks. The rats grew better on the cerebro- 
side diet than on the diet containing cerebroside fatty 
esters, and they ate on the average 19 g. per day of the 
cerebroside diet, compared to 15 g. per day of the diet 
containing fatty acid esters. It should be noted that 
the animals were given no fat-soluble vitamins and 
this probably influenced their rate of growth (14). 

The fecal sterols from rats fed the diet containing 
cerebrosides, obtained during the first and third collec- 
tion periods, were extracted as described before and 
chromatographed first on Florisil and then on alumina. 
Cholesterol appeared to be the main chromogenic 
sterol excreted during the first collection period but a 
different chromatographic pattern was observed for 
fecal sterols of the third collection period. Further 
experiments on this aspect of the problem are in 
progress. 


DISCUSSION 


The present study has given no indication that any 
one specific component of crude cerebroside prepara- 
tions is responsible for their effect of increasing fecal 
sterol excretion in the rat. Recrystallization of Wilson 


STEROL 


mg-/g. feces 


PERCENT ADDED TO DIET 


Fic. 1. Amounts of digitonin-precipitable, Liebermann-Burchard-positive fecal sterols in rats 
fed synthetic diets containing different amounts of cerebrosides, cerebroside fatty acid esters, 
or erucic acid. Solid bars refer to cerebroside, stippled bars to cerebroside fatty acid ester, and 
open bars to erucic acid experiments. The upper figure gives total fecal sterol; the lower part 
gives the concentration of fecal sterol. Dotted lines indicate amounts of fecal sterol in rats 
on a fat-free synthetic diet. Values given represent averages of experiments carried out over 
a period of several years. Each diet was fed to one group of three rats, but in most cases the 


experiment was repeated at least once. 
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cerebrosides yielded a number of fractions which were 
equally effective in increasing the fecal sterol output, 
although their sugar content ranged from 19 to 7 per 
cent and their phosphorus content varied from 0.7 to 
2.6 per cent. Fractionation of the mixed fatty acid 
esters obtained by hydrolyzing Wilson cerebrosides 
also failed to produce evidence for a single active 
component. It therefore appears that this effect of 
cerebroside preparations is not due solely to their 
content of any individual fatty acid such as nervonic 
acid. Unhydrolyzed cerebrosides caused a_ greater 
increase in the total fecal sterol output than did the 
mixture of fatty acid esters obtained on hydrolysis, 
but both cerebrosides and fatty acid esters increased 
the concentration of chromogenic sterol in the feces 
(Fig. 1). 

No evidence was obtained to indicate that com- 
ponents of cerebroside preparations other than fatty 
acids affect sterol excretion. Sphingosine and psycho- 
sine could not be assessed satisfactorily because of 
their toxicity, but triacetylsphingosine appeared to be 
inactive. The small amounts of sterol present in the 
cerebroside preparations were insufficient to contrib- 
ute significantly to the fecal sterol. 

It is of interest to consider the mechanisms by which 
cerebroside preparations may affect the fecal excre- 
tion of endogenous sterol. One possibility is that they 
interfere with the reabsorption of sterols from the in- 
testine. In order to test this, a balance experiment was 
carried out to determine the effect of cerebrosides on 
the absorption of cholesterol added to the diet, and 
it was found that 30 to 40 per cent of the cholesterol 
was absorbed from a diet containing 0.25 per cent 
cholesterol and 5 per cent of Wilson cerebrosides 
(Table 4). This is comparable to values obtained by 
Lin et al. for absorption of cholesterol from a fat-free 
diet or a diet containing tripalmitin (17), but is 
significantly lower than those observed when cho- 
lesterol was fed with diets containing unsaturated fats 
or fatty acids (17, 18, 19). 

Lin et al. (20, 21) found that the addition of sub- 
stances such as cellulose, pectin, or protopectin to the 
diet of rats increased the bulk of feces excreted with- 
out increasing the excretion of endogenous sterol. This 
suggests that the effect produced by cerebrosides can- 
not be accounted for simply by their low coefficient of 
digestibility. Also, Jones et al. (6) were unable to 
obtain evidence of specific bonding between choles- 
terol and phrenosin. It is possible, however, that the 
intestinal sterols dissolve in the nonabsorbed lipid and 
thereby become unavailable for reabsorption.? It 


*The author is indebted to Dr. N. S. Radin for this sug- 
gestion. 
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TABLE 3. Errect or CEREBROSIDE PREPARATIONS 
on Fecat Srerot Excretion * 


Body 
Weight 
Percent- Fecal Sterol + 
Preparation age of Rats 
in Diet 
g./day | mg./g. feces | mg./rat/day 


Recrystallized Cerebrosides 


Fraction 1 5 5.9 8.6 13 
Fraction 2 5 6.0 13.8 23 
Fraction 3 5 6.0 13.3 21 
Fraction 4 5 6.0 14.8 21 
Fraction 5 5 6.4 18.0 27 
Residue 5 5.6 10.6 13 


Recrystallized Methyl Esters of Cerebroside Fatty Acids 


Iodine 

value 3.6 5 4.9 5 I 8 
Iodine 

value 54.3 5 4.4 6.9 10 


Fractionally Distilled Methyl Esters of Cerebroside Fatty Acids 


Fraction 1 5 3.6 5.4 rf 
Fraction 2 5 3.8 6.4 8 
Fraction 3 5 7 6.0 8 
Fraction 4 5 4.9 4. 7 
Fraction 5 5 3.9 5 9 
Fraction 6 5 2.9 a 11 
Residue 5 3.7 6.1 10 
Ceramide 5 1.0 8.0 9 
Triacetyl- 

sphingosine 5 4.8 3.0 4 


* The procedures used to obtain these preparations are de- 
scribed in the section on methods; analytical values are given in 
Tables 1 and 2. 

+ Digitonin-precipitable, Liebermann-Burchard-positive sterol 
calculated as cholesterol. 
seems unlikely that esterification of the sterols affects 
their excretion significantly, since when cerebrosides 
were fed, the sterols were excreted almost entirely in 
the unesterified form. 

Rosenheim and Webster (22) have provided evi- 
dence that dietary cholesterol is largely converted to 
coprosterol when it is fed with cerebrosides. If en- 
dogenously produced cholesterol were also converted 
to coprosterol in the presence of cerebrosides, this 
could offer an explanation of the increased sterol excre- 
tion, since coprosterol is poorly absorbed from the 
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lic. 2. The upper figure shows growth curves of rats fed 
synthetic diets containing 15% Wilson cerebrosides o—o—o or 
15% mixed fatty acid esters obtained from the hydrolysis of 
Wilson cerebrosides A—A—A. The lower figures show the rate 
of excretion of digitonin-precipitable, Liebermann-Burchard- 
positive sterols by these rats during successive weekly intervals. 
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intestine. However, in our experiments, cholesterol 
appeared to be the main chromogenic sterol in the 
feces during the first week or two that the rats were 
fed cerebrosides, and although the pattern of fecal 
sterols changed later, this was associated with a re- 
duction from the initial high levels of chromogenic 
sterol in the feces. These results indicate that the high 
level of chromogenic sterol in the feces during the 
first week of feeding cerebrosides is not a result of 
conversion of cholesterol to coprosterol in the intestine. 


The author wishes to thank Dr. R. L. Noble for his 
continuing interest in this work and to acknowledge 
the capable technical assistance of E. A. Andersen and 
KE. Pedersen. 
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SUMMARY 


Column chromatography on silicic acid was carried out on phospholipids from acetone-dried, 
chloroform-extracted human blood platelets. Fractions recovered had the following com- 
ponents: Phosphatidylethanolamine (PE) plus phosphatidylserine (PS) plus inositol phos- 
phatide, PE plus PS, lecithin plus sphingomyelin, and PS alone. Eluates containing only 
phosphatidylethanolamine and phosphatidylserine were rechromatographed to obtain more 
complete separation. The resulting fractions appeared to contain one component, but on 
hydrolysis of these materials it was apparent that each was still contaminated with small 
amounts of the other. However, on high dilution of each of these mixtures, blood thrombo- 
plastin formation was promoted; this suggested that both PE and PS could act as platelet 
thromboplastic factor in vitro. Inhibitory activity was not noted. The presence of choline 
phosphatides in the fractions resulted in loss of activity. Plasmalogens were identified and 
estimated to comprise 23 per cent of total platelet cephalins. They were more closely asso- 
ciated with phosphatidylethanolamine than phosphatidylserine. Lysolecithin could not be 
detected in the mixed platelet extract or the separated fractions. 


L. previous work (1) it was shown that phos- 
pholipids from acetone-dried, chloroform-extracted 
human blood platelets could be separated by silicic 
acid paper and column chromatography. Phospha- 
tidylethanolamine (PE), phosphatidylserine (PS), 
lecithin, sphingomyelin, and inositol phosphatide were 
resolved by a combination of these procedures. Small 
amounts of phosphatidylserine obtained by column 
chromatography could replace the entire platelet phos- 
pholipid extract in the thromboplastin generation and 
the prothrombin consumption tests. Phosphatidyl- 
ethanolamine preparations had the same thrombo- 
plastic activity but they contained phosphatidylserine. 
An unidentified fraction was obtained which also 
possessed coagulation properties; this was tentatively 
identified as a phosphatidic acid. 

In the present study an attempt was made to obtain 
further separation of phosphatidylethanolamine from 
phosphatidylserine by altering the column size, mode 
and temperature of elution, and by rechromatography 
of combined fractions. Paper chromatographic identi- 
fication of phosphatides including plasmalogen and 
lysolecithin was supplemented by hydrolysis of the 
lipids and examination for ethanolamine and serine 
bases (2). 


* This study was aided by a grant from the New York Heart 
Association. 
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PE and P§S, isolated by repeated column chroma- 
tography, appeared pure by paper chromatography of 
the intact phosphatides. However, when these mate- 
rials were hydrolyzed and their bases identified, it 
appeared that each component was still contaminated 
by the other. Other workers! (3) also have noted that 
PE and PS could not be obtained in chemically pure 
form from silicic acid columns. However, Marinetti 
et al. (4) recently reported recovery of pure PS by 
silicic acid chromatography of a relatively uncon- 
taminated preparation of Folch fraction 3 from pig 
brain. 


METHODS 


Preparation of Mixed Phospholipid Extracts. Blood 
collection and processing was carried out by methods 
previously described (1). After venesection, however, 
all operations were performed in a cold room (8°C). 
Five hundred ml. of blood from a donor with a normal 
platelet count yielded 8 to 15 mg. of mixed platelet 
phospholipids. 

Column Chromatography. The apparatus used has 
been described (1) and the procedure was basically 
that of Hirsch and Ahrens (5). Columns 37 em. long 
and 1.2 em. interna] diameter were packed dry with 


*D. J. Hanahan. Personal communication, 1958. 
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18 g. of silicic acid.2 Mixed platelet lipid (311 mg., 
10.8 mg. phosphorus) was charged in 3.5 ml. of petro- 
leum ether (b.p. 30°-60°C), and the first elution was 
made with 220 ml. of 1 per cent ethyl ether in petro- 
leum ether, followed sequentially by 200 ml. 25 per 
cent ethyl ether in petroleum ether, and 350 ml. ethyl 
ether. These elutions were completed in 48 hours. 

The phospholipids were then eluted with 450 ml. 
methanol in 2 ml. fractions. To preserve column in- 
tegrity methanol was added very slowly to the ether 
at the head of the column. The phospholipid elution 
carried out at 20°C was completed in 24 hours but 
fractions were removed every half hour to storage at 
—20°C. 

For study each fraction was taken to dryness under 
purified nitrogen and reconstituted in 4 ml. petroleum 
ether. Petroleum ether was selected because it was a 
more convenient solvent for paper chromatography 
and some of the phosphatides in the separated state 
were not completely soluble in methanol. Unless other- 
wise indicated, all calculations were based on the 
original 2 ml. fraction. 

Rechromatography of Phosphatidylethanolamine and 
Phosphatidylserine Fractions. In an attempt to sep- 
arate PE and PS, fraction numbers 25 to 30 (Fig. 
1) were combined, suspended in 1 ml. of 20 per cent 
methanol in chloroform and rechromatographed at 
10°C on 8 g. of silicic acid.? The latter was dried over- 
night at 115°C and washed in the column with 20 per 
cent methanol in chloroform for 15 hours prior to 
charging in the usual manner. Successive elutions were 
performed on the same charge as follows: 1000 ml. 
methanol : chloroform 1 : 4; 240 ml. methanol : chlor- 
oform 2:3; and 200 ml. methanol : chloroform 4:1 
(v/v). One-ml. fractions were collected, evaporated, 
and resuspended in 2 ml. petroleum ether. Calculations 
were based on the original 1 ml. collected unless other- 
wise stated. The tube contents were tested for ninhy- 
drin reactivity (4 to 5 yl. aliquots). 

The concentrations of eluting solvents were varied 
since it was not known which proportion would most 
effectively partition these two fractions. However, it 
was found that the methanol : chloroform 1 : 4 eluted 
all the PE and PS applied to the column. After the 
first few tubes containing the column wash were dis- 
carded, the next 42 fractions, ninhydrin positive, were 
taken for further study. Two successive tubes were 
pooled for hydrolysis and paper chromatography, 
while the third was divided into two equal portions for 
the thromboplastin generation tests and phosphorus 
determinations. 

Paper Chromatography. Usually 10 pl. from each 


* Bio-Rad Laboratories, Richmond, Calif. Batch SAB-8. 
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fraction were applied to silica impregnated Whatman 
No. 1 filter papers, 6.5 em. wide and 35 em. long. 
Large concentrations of phospholipid were used in 
many instances in order to avoid missing small 
amounts of contaminant. When abrupt changes in the 
chromatographic patterns were found (appearance or 
disappearance of components), the run was repeated 
twice. Other details were the same as previously de- 
scribed (1) for the system using diisobutyl ketone : 
acetic acid: water (40:25:5,v/v/v) (6). Wet 
chromatograms were promptly viewed under ultra- 
violet light. Stains for ninhydrin and choline were used 
for confirmation and further identification of spots 
(1). 

For mixed extracts and the diisobuty] ketone : acetic 
acid : water system (with 0.001 per cent Rhodamine 
6G dye as the stain) (6), a minimum of 1.2 xg. of lipid 
phosphorus was required for adequate chromatograms. 
For detection of a single spot, at least 0.2 wg. of lipid 
phosphorus was required. 

Hydrolysis. Estimation of ethanolamine and serine 
was carried out by alkaline hydrolysis and the forma- 
tion of a colored derivative with dinitrofluorobenzene 
(2). The sensitivity of the method for measuring 
ethanolamine was increased by the use of microcu- 
vettes in a Beckman spectrophotometer. Phosphorus 
was analyzed in duplicate by the method of Dryer 
et al. (7). 

Aldehyde was determined in duplicate on 0.5 ml. 
aliquots with Schiff’s reagent (6) and palmitaldehyde*® 
as the standard. For the detection of acetal phospha- 
tides on paper chromatograms, 2,4-dinitrophenylhy- 
drazine in 8N HCl was used (6). 

Thromboplastin generation tests (8) were per- 
formed on 0.5 ml. aliquots transferred to a test tube 
and taken to dryness under nitrogen. A suspension in 
0.3 ml. of imidazole buffer (pH 7.35, 270 milliosmols 
per liter) was made immediately. This was arbitrarily 
designated the “undiluted” tube. The lipid was dis- 
persed by rapid agitation with a pointed glass rod. 
The emulsions were grossly turbid in direct proportion 
to the lipid content, and settling was not observed after 
standing for more than 6 hours. All fractions had the 
same dispersion characteristics regardless of clotting 
activity. In the late methanol fractions in which only 
small amounts of lipid were present, several successive 
tubes were pooled for adequate study. To determine 
whether any lipid with clotting activity remained on 
the silicic acid columns after completion of the elu- 

*K & K Laboratories, Long Island City 1, N.Y. The material 
was supplied as the sodium bisulfite salt. The free aldehyde 
was liberated by the addition of excess 3N HCl to 5 g. of the 


salt followed by filtration and repeated washing with distilled 
water. 
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Fic. 1. Phosphorus analysis and paper chromatographic identification of original fractions eluted 
with methanol. Material under the first peak was ninhydrin and Schiff positive beginning with 
tubes 13 to 15, and had thromboplastic activity. The second peak was choline positive, ninhydrin 
negative, and contained Schiff reacting material in progressively decreasing quantities. These frac- 
tions did not promote thromboplastic activity. In the region of tube 75 the choline reaction 
became negative and clotting activity reappeared. In the paper chromatographic study, it is to 
be noted that the early appearance of lecithin and sphingomyelin interfered with recovery of 
pure phosphatidylserine. The “column residue” was almost pure phosphatidylserine. Fractions 25 


to 30 were taken for rechromatography. 


tions, the columns were unpacked, the silicic acid 
suspended in a large volume of methanol, and filtered. 
The filtrate was evaporated under nitrogen and tested 
in the thromboplastin generation test. 

The prothrombin consumption tests were performed 
in duplicate, using plasma from the same donor 
throughout the study. A 12-hour fast preceded each 
blood collection. Platelet-free “native” plasma (no 
anticoagulant) was prepared as previously described 
(1), except that the entire procedure was carried out 
in a cold room. Buffer blanks and plasma alone in 
duplicate were used as controls. Serum prothrombin 
times were determined after 2 hours’ incubation by 
the method of Ware and Stragnell (9). 

The late fractions from the original methanol elu- 
tion were investigated for hemolytic activity in the 
following manner: Approximately 50 pg. of phospho- 
lipid was evaporated to dryness and resuspended in 
0.3 ml. of imidazole buffer. Dilutions were carried out 
in a rack of five Kahn tubes. Finally, 0.1 ml. of 1 per 
cent suspension of washed sheep red blood cells (10) 
was placed in each tube. Gross examination for hemol- 
ysis was carried out after 2 hours’ incubation at 37°C. 


80 85 95 100 N10 125 136 147 157 177 187 197 207 214 


Upon completion of coagulation tests, phosphorus 
analyses, hydrolysis studies, and hemolysis tests, the 
last 75 methanol fractions were pooled and evaporated 
to dryness. One mg. of material was obtained, which 
was analyzed for ninhydrin positive material and 
phosphorus. 


RESULTS 


Column Chromatography. The fractions eluted with 
ethyl ether were ninhydrin negative and gave no 
Liebermann-Burchard reaction.* A faint trace of phos- 
phorus was found in an occasional tube. 

Results of phosphorus analysis on fractions initially 
eluted with methanol are given in Figure 1. As shown 
on the abcissa, the contents of certain tubes were 
pooled to facilitate their study. The first peak repre- 
sents the cephalin fraction and the second peak leci- 
thin and sphingomyelin. The “column residue” refers 
to material eluted after the second peak began to ap- 
proach baseline levels. Recovery of phosphorus from 

“The early supernatants obtained when the whole platelets 


were washed in acetone gave a positive Lieberman-Burchard 
reaction. 
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the column in the original methanol elution was 92.5 
per cent (10 out of 10.8 mg.). 

The milligram of lipid in the combined last 75 
methanol fractions was found to contain 3.8 per cent 
phosphorus. Forty per cent was ninhydrin reacting 
material, a finding that invalidates the previous tenta- 
tive identification as phosphatidic acid (1). 

Paper Chromatography. Results of paper chromato- 
grams on the individual original methanol fractions 
are given in Figure 1. The “column residue” had the 
following characteristics: It migrated as a well- 
defined single spot, and the staining reaction with Rho- 
damine G was bright blue. The Ry value was 0.6 to 
0.8, the ninhydrin reaction was positive, choline was 
not detected, and there was a faint positive reaction 
with 2,4-dinitrophenylhydrazine. These properties re- 
sembled phosphatidylserine, but not phosphatidic acid 
or lysolecithin. The material also possessed thrombo- 
plastic activity. 

The pooled original methanol fractions 195 to 207 
and 210 to 214 did not exhibit hemolytic activity. 
Thus lysolecithin could not be found by the methods 
employed in this study, although this lipid has been 
described in serum and red cells (11). 


TABLE 1. PHospHorus ANALYSES AND PAPER 
CHROMATOGRAPHY OF RECHROMATOGRAPHED FRACTIONS 


Paper Chromatography 
Tube ug. Phosphorus 
Number per ml. 

PE PS 
18 — = 
24 9.3 + 
27 5.4 
30 3.3 + = 
33 2.6 
36 2.0 + 
39 1.6 + + 
40-41 + 
42-51 7.5 


In Table 1 the results of rechromatography of the 
combined PE and PS fractions are shown. The solvent 
pair, methanol : chloroform 1 : 4 eluted all the ninhy- 
drin positive material. Initially, phosphatidylethanola- 
mine was eluted as a pure fraction. This was followed 
by a mixture, and finally by pure phosphatidylserine. 

Thromboplastin Generation Test. (See Fig. 2.) A 
fraction was considered active if the thromboplastin 
time was within 10 seconds of control. All the fractions 
could be diluted about 75 times and still remain within 
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10 seconds of control. The results through tube 24 rep- 
resent the activity of the cephalin group. Tubes 25 to 
30 show the activity of phosphatidylethanolamine and 
phosphatidylserine. The thromboplastin time in tubes 
31 to 33 was accounted for by phosphatidylserine. The 
appearance of lecithin and sphingomyelin in fraction 
34 coincided with an abrupt loss of thromboplastic ac- 
tivity which persisted through fraction 76, when sphin- 
gomyelin became undetectable. At this point clotting 
activity returned. The thromboplastin times of the 
column residue were not as consistently close to control 
as the early fractions, but most values approximated 
that range of activity. 

The effect of purification was reflected in the phos- 
phorus values of the active fractions; that is, when 
the fractions were used, much less phospholipid was 
required to give the same thromboplastic activity as 
when mixed platelet lipid was employed. When whole 
platelet phospholipid extract was used in the thrombo- 
plastin generation test, it was found that optimal 
activity was obtained when the concentration of 
phosphorus in the reagent tube was 30 yg. per ml. In 
the original methanol fractions (tubes 31 to 33, for 
example) phosphorus values of 0.5 pg. per ml. were 
calculated at optimal clotting ranges. The same situa- 
tion was noted in the rechromatographed fractions 
which were identified as PE. Phosphorus concentration 
averaged 0.2 wg. per ml. as compared to 30 yg. per ml. 
of mixed material. 

When the rechromatographed chloroform : methanol 
fractions were tested in the thromboplastin generation 
test, activity within control range was obtained uni- 
formly with undiluted and 1 : 1 diluted materials. The 
tubes containing primarily PE and primarily PS had 
the same order of activity as those which contained 
mixtures of the two lipids. 

Thromboplastin generation tests were repeated on 
six fractions after 5 months’ storage in petroleum 
ether at —20°C. There was no change in the clotting 
activity as measured by this test. Fractions stored in 
buffer at —20°C were also stable after 5 months. 

The ethyl] ether eluates of the original column sepa- 
ration were tested for thromboplastic activity and 
were found to be inert. The material removed from 
the silicic acid packing after chromatography also had 
no clotting activity. 

Prothrombin Consumption Tests. (See Fig. 2.) The 
results with the original methanol column fractions 
indicated that as the cephalin fraction was purified 
the prothrombin consumption increased. The early 
pooled “column residue” tubes were able to increase 
prothrombin consumption, but the later fractions did 
not produce as marked an increase despite the fact 
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Fic. 2. Results of thromboplastin generation and prothrombin consumption tests on original 
methanol fractions. The points connecting the solid lines represent the results when the indi- 
cated fraction was used as platelet reagent in the thromboplastin generation test. The differ- 
ence between the clotting time of the fraction and the brain cephalin control at the end 
of 6 minutes’ incubation is designated as the thromboplastin time. Low numbers on the 
ordinate represent activity. The figures beneath the abcissa scale represent the dilution at 
which the tube showed the maximal activity indicated in the chart. The points between the 
broken lines represent the serum prothrombin time (prothrombin consumption) of the original 
methanol fractions. A high value on the ordinate scale indicates ability to increase the 
prothrombin consumption of platelet-free native plasma. 


that they were active in the thromboplastin generation 
test. (It is possible that the 1 : 4 dilution of the small 
amount of lipid in these tubes was insufficient to in- 
crease prothrombin consumption.) In these studies, as 
in the thromboplastin generation test, the amount of 
purified material which gave the same prothrombin 
consumption as mixed platelet lipid was quite small. 
After dilution, the 0.1 ml. of mixed lipid added to the 
plasma contained a total of 382 wg. of phospholipid, 
whereas the phosphatidylserine fractions contained an 
average of 9 pg. and active column residue fractions 
contained 0.13 yg. of phospholipid. 

Plasmalogen. Quantitative aldehyde studies are 
shown in Figure 3. The bulk of the plasmalogen was 
in the cephalin fraction. Approximately 23 per cent of 
the phosphorus in tubes 16 to 31 was present as plas- 
malogen® (12). As reported by others (13), the etha- 


5Since the molar ratio of phosphorus to aldehyde is 1, the 
following formula was used: 


moles of aldehyde 
moles of phosphorus 


phosphorus present as 
00 = plasmalogen as a percentage 
of the total phosphorus. 


nolamine plasmalogens predominated; indeed, the drop 
in plasmalogen value coincided with the disappearance 
of phosphatidylethanolamine. In the rechromato- 
graphed methanol : chloroform fractions plasmalogen 
was noted only in the tubes where PE predominated. 
Tube 21 contained a total of 1.2 yg. In the other re- 
chromatographed fractions sufficient material for 
quantitative study was not available, but they were 
qualitatively Schiff positive through tube 33. 

Hydrolysis. Results obtained with the original 
methanol fractions are given in Figure 4. In the early 
tubes large amounts of PE and PS were found, with 
PS predominating after fraction 31. In every subse- 
quent tube PS was found along with smaller amounts 
of PE, even in the column residue. 

The same general pattern was obtained with the 
rechromatographed eluates (Fig. 5), that is, PE was 
the major component at first, followed by a mixture 
of PE and PS and then persistence of PS. Pooled frac- 
tions 42 to 51, which were not hydrolyzed, were identi- 
fied on paper as PS. It should be mentioned that the 
over-all error of the method of hydrolysis would make 
the figures obtained for serine in the rechromatographed 
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TABLE 2. CorrE.aTion oF PHospHoRus CoNTENT wiTH DNP ErHaNOLAMINE AND DNP SERINE 
RECHROMATOGRAPHED FRACTIONS * 

A B C D E F 

Fraction | DNP Serine P Content of DNP P Content of Sum of Columns Total P 
(analyzed) | Phosphatidylserine | Ethanolamine | Phosphatidylethanolamine B&D (analyzed) 
(calculated) (analyzed) (calculated) 
ug./ml. yg./ml. ug./ml. ug./ml. pg./ml. ug./ml. 

22 & 23 5.1 1.5 12.6 6.4 7.9 
24 9.2 
25 & 26 5.1 1.5 10.6 5.4 6.9 
27 5.4 
28 & 29 5.0 1.5 5.2 2.6 4.1 
30 3.2 
31 & 32 4.5 1.3 3.1 1.6 2.9 
33 2.6 
34 & 35 3.3 1.0 1.9 1.0 2.0 
36 2.0 
37 & 38 18 0.5 1.5 0.7 1.2 
39 1.6 
40 & 41 2.1 0.6 0.7 0.4 1.0 


* Figures in column B are obtained by multiplying the result in column A by 31/105. Similarly, the values in column D are derived 
by multiplying the result in column C by 31/61. The totals in column E represent the values that should be found if all the phosphorus 
is derived from PE and PS. Column F is the actual amount of phosphorus in the adjacent tube. 


fractions 10 to 15 and 16 to 17 doubtful, since the 
readings were quite close to the blank. However, the 
low ethanolamine figures are significant because of 
more sensitive methods of measurement. 

Correlation of Phosphorus Content with Dinitro- 
phenylhydrazine Ethanolamine and Dinitrophenyl- 
hydrazine Serine Analysis.6 In Table 2 evidence is 
presented that the phosphorus measured was derived 


* Calculating on the basis of a nitrogen to phosphorus ratio 
of 1:1, one mole of PS contains one atomic weight of phos- 
phorus and will yield after hydrolysis one mole of serine. Sim- 
ilarly, one mole of PE contains one atomic weight of phos- 
phorus and will yield after hydrolysis one mole of ethanol- 
amine. Therefore: 


at. wt. P 
pg./ml. P = ug./ml. serine 
and 
ug./ml. P = at. wt. P < ug./ml. ethanolamine 


m. wt. ethanolamine 


from phospholipid. A shortcoming of these calcula- 
tions is that the phosphorus figure was taken from the 
adjacent tube because of insufficient material for de- 
terminations on every fraction. Column E represents 
the sum of the calculated amount of phosphorus if it 
were derived only from PE and PS. In column F the 
total amount of phosphorus in the adjacent fraction 
is given. The close correspondence of values in col- 
umns E and F suggests that all phosphorus could be 
accounted for as PE and PS phosphorus. 


DISCUSSION 


When mixed platelet phospholipid extracts were 
eluted from silicic acid columns with methanol, the 
first fractions possessed thromboplastic activity. 
This early component was a mixture containing phos- 
phatidylethanolamine, phosphatidylserine, and inositol 


abe 
: 
: 
A 
— 
| 


Jerived 
sphorus 


Jeula- 
m the 
or de- 
esents 
s if it 
F the 
action 
n col- 
uld be 


were 
ol, the 
tivity. 
phos- 
nositol 


BLOOD PLATELET PHOSPHOLIPIDS 


ONP SERINE AND DNP ETHANOLAMINE IN ORIGINAL FRACTIONS 


130 4 


24 31 


32 
FRACTI 


EEE Ethanolamine 


33 34 35 70-75 76-80 198-207 208-214 


ON NUMBER 


Fic. 4. Hydrolysis studies on original silicic acid column methanol eluates. Fractions 31 
to 33, 198 to 207, and 208 to 214 appeared on paper chromatography to be phosphatidyl- 
serine; however, as seen above, PE was present in these fractions. 


PLASMALOGEN 


AMG. ALDEHYDE PER O5 ML. 
> 


31. 70-75 76-60 
TUBE NUMBER 
Fic. 3. Aldehyde determinations with Schiff’s reagent on origi- 


nal silicic acid column methanol eluates. High values follow 
the distribution of PE rather than PS. 


phosphatide. As the elution progressed, inositol phos- 
phatide became undetectable and its disappearance was 
followed by that of phosphatidylethanolamine, leav- 
ing PS almost free of other phosphatides. The rapidity 
with which the choline phosphatides appeared (Fig. 1) 
may have been a function of temperature, since a 
higher yield of PS was obtained (1) by chromatog- 
raphy at 8°C than at 20°C. The appearance of lecithin 
and sphingomyelin coincided with a loss of coagulation 
activity. Elution beyond the point of complete recov- 
ery of lecithin and sphingomyelin again gave PS, 
which promoted thromboplastin formation. Thus there 
were two sources of phosphatidylserine in this initial 
separation. A second chromatographic procedure of 
the eluates containing PE and PS with methanol : 
chloroform 1:4 produced chromatographically pure 
phosphatidylethanolamine (Table 1). 

Fractions which appeared to be homogeneous, 
judged by paper chromatography of the intact phos- 
phatides, were found to be mixtures when hydrolyzed. 
Thus greater sensitivity is afforded by evaluation of 
hydrolysis products. 

Positive statements cannot be made concerning the 
individual role of platelet PE and PS in blood throm- 
boplastin formation. However, the following observa- 
tions are mentioned: In the original methanol frac- 
tions (31 to 33 and column residue, Fig. 1) in which 
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DNP SERINE AND DNP ETHANOLAMINE IN RECHROMATOGRAPHED FRACTIONS 


264 
244 


205 


Ethanolamine 
Serine 


JUG. PER ML. 
4 


10-15 16-17 19-20 22-23 


25-26 


28-29 31-32 37-38 40-41 


FRACTION NUMBER 


Fic. 5. Hydrolysis results on the rechromatographed fractions (methanol: chloroform 1:4). 
Although there was a good yield of PE, it could not be freed of PS. Again, paper 
chromatography revealed only the predominating phosphatide (see Table 1). 


PS existed in highly purified form, clotting activity 
was noted at dilutions at which PE contamination 
was undetectable. The same phenomenon was noted 
in rechromatographed fraction number 18 (Fig. 5), 
which contained PE contaminated with trace amounts 
of PS. It is possible that PE and PS are interchange- 
able as platelet thromboplastic factors in vitro. How- 
ever, evidence is insufficient to be conclusive. 
Thromboplastic activity has been noted with PE 
in other laboratories (14 to 17) but PS was found to 
be inhibitory (177). On the other hand, activity with 
PS has been noted at small concentrations (18) or 
under special cireumstances (17, 19, 20). In our hands 
inhibitory activity occurred only at high concentra- 
tions (1), and the presence of lecithin (obtained from 
columns or purified commercial lecithin) caused a loss 
of thromboplastic activity. Possible explanations for 
some of these discrepancies are: (a) materials con- 
sidered to be homogeneous actually were contami- 
nated, (b) in the course of isolation the fatty acid 
component of the phospholipid molecule was oxidized, 


*Barkhan and Silver recently reported (American Society 
of Hematology Meeting, November 24, 1959, St. Louis, Mo.) 


acceleratory activity with low concentrations of PS fractions 
from brain. 


resulting in a reduction or loss of thromboplastic 
activity, (c) different systems were employed to study 
thromboplastic activity, and (d) under certain cir- 
cumstances PE and PS might both be capable of 
promoting thromboplastin formation. 

Plasmalogens are phospholipids which will release 
higher fatty aldehydes when treated with mercuric 
salts or weak mineral acids (21). They are known 
constituents of nervous and muscular tissue and sperm 
(22). In this study plasmalogens were demonstrated 
in blood platelets and composed 23 per cent of the 
cephalin fraction. Most of the platelet plasmalogen 
was apparently of the ethanolamine type. Small 
amounts were also detected in the choline fractions. 
The presence of these phosphatides in fractions with 
thromboplastic activity is of interest, since the role of 
plasmalogens in lipid metabolism is not known (23). 
It is reported that brain plasmalogens do not have 
anticoagulant activity (24). 


The authors wish to thank Dr. Theodore H. Spaet 
for help in preparation of the manuscript, and Dr. M. 


M. Rapport for helpful suggestions during the course 
of this study. 
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Notes on Methodology 


Gas-liquid chromatography of fatty acid methy] esters: 
the “carbon-number” as a parameter 
for comparison of columns 


F. P. Wooprorp and C. M. van GENT 
Department of Physical Chemistry, University of 
Leiden, The Netherlands 


[Received for publication June 12, 1959] 


& Because of the slight but perceptible volatility of 
stationary phases, absolute retention times of compon- 
ents eluted from gas-liquid chromatographic columns 
decrease steadily as the column is repeatedly used. 
This is particularly the case for the polar polymers 
now customarily used for the separation of unsaturated 
fatty acid esters in lipid analysis. Many other factors 
(e.g., small differences in pressure, temperature, or 
other operating conditions of the column) also affect 
the absolute retention time of a given methyl] ester. 
For these reasons it has become the practice to quote 
relative retention times referred to one component of 
the mixture, e.g., palmitate or stearate. We have found 
it more convenient to express the elution sequence in 
different terms, obtained by the following procedure. 
The retention times of the saturated straight-chain 
esters, at least four of which are usually present in 
natural mixtures, are plotted against chain-length on 
semilogarithmic paper and the best straight line join- 
ing them is constructed. (Identification of these peaks, 
usually self-evident, can be confirmed if necessary 
by the addition of known esters to the mixture under 
investigation.) A value corresponding to the retention 
time of any other peak can then be read off from 
the graph, and gives the chain length of the hypo- 
thetical saturated straight-chain ester which would 
be eluted at that point. The figure so obtained we 
designate the “carbon-number” of the ester on the 
stationary phase in question. Saturated esters with 
a straight chain have integral carbon-numbers, e¢.g., 
15.0, 17.0 (so that in such cases the phrase has its 
conventional meaning), whereas esters with a branched 
chain and unsaturated esters have, in general, non- 
integral C-numbers. The carbon-number is character- 
istic of a particular ester on a particular stationary 
phase. It is, like relative retention volume, dependent 
on the temperature at which the column is run, but 
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is sufficiently constant over small temperature ranges 
(at least 20°C) to allow comparison with other runs 
on the same stationary phase (including those of other 
authors) made in the same temperature region. 

It is the practice in this laboratory to determine the 
fatty acid composition of fractions (phospholipids, 
free fatty acids, sterol esters, and glycerides) obtained 
by the analysis of lipids from human arteries (1) by 
running each sample on two columns, one containing 
Apiezon “L” and the other a copolymer of maleic acid, 
adipic acid, and ethylene glycol (MAE). The carbon- 
numbers of commonly occurring esters on these two 
stationary phases are shown in Table 1. For com- 
parison, carbon-numbers calculated from the data of 
other authors are also shown. Table 1 illustrates the 
well-known fact that unsaturated esters are eluted 
before the corresponding saturated ester on Apiezon, 
after it on a polar stationary phase. 


TABLE 1. Comparison or CarBon-NuMBERS (HYPOTHETICAL 
Cuain LENGTHS) oF METHYL EstERS OF COMMONLY OCCURRING 
Fatry Acips ON PoLaR AND NONPOLAR STATIONARY PHASES 


MAE * Apiezon | Apiezon | Apiezon | Apiezon 
(203°C) | (197°C) | (197°C) | (240°C) 
Palmitoleate 16.4 15.75 15.7 15.75 15.75 
Oleate 18.3 i765 | 178 7 17.7 
Linoleate 18.9 17.5 | 17.5 | 17.4 17.6 
Linolenate 19.65 17.55 _ 17.42 17.6 
Arachidonate 21.6 18.95 -— —t 19.0 
Frucate 22.2 21.6 


* Copolymer of maleic acid, adipic acid, and ethylene glycol 
1:3:4, 1g. per 4 g. Chromosorb®. ; 

+ 1g. per 9 g. acid- and alkali-washed Celite 545°. 

t The A®1.14.17-tetraenoic Coo ester (isomer of arachidonate) 
investigated by these authors had a C-number of 18.85. 

§ See Ref. 2. || See Ref. 3. # See Ref. 4. 


The behavior of saturated branched-chain esters is 
shown in Table 2. The figures in the last column are 
calculated from the relative retention times given by 
James and Martin (2). It can be seen that branched- 
chain esters are eluted before the corresponding 
straight-chain ester on both polar and nonpolar phases. 
Consideration of the carbon-numbers shows that the 
anteiso compounds are eluted slightly later, i.e., nearer 
the straight-chain ester than iso compounds. 

These data enable us to assign structures to minor 
constituents of fatty acid mixtures with some measure 
of confidence: for example, the group of C,; acids 
which occurs with some frequency in natural mixtures. 
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TABLE 2. Carpon-NuMBERS OF BRANCHED METHYL ESTERS 
ON PoLAR AND NONPOLAR STATIONARY PHASES 


Carbon-Number on 
Methy! Ester Apiezon Apiezon 
assec) | 
(203°C) (197°C) 
4-Methylhexanoate 
(C; anteiso) 6.7 
6-Methylheptanoate 
(Cg iso) = 7.45 
6-Methyloctanoate 
(Cy anteiso) 8.65 
8-Methylnonanoate 
(Cio iso) = == 9.55 
8-Methyldecanoate 
(Cu anteiso) 10.7 
10-Methylundecanoate 
(Cis iso) — — 11.65 
10-Methyldodecanoate 
anteiso) — 12.7 
12-Methyltetradecanoate 
14-Methylpentadecanoate 
(Cig iso) 15.6 15.7 15.65 
14-Methylhexadecanoate 
(Ci; anteiso) 16.7 16.7 16.7 
16-Methylheptadecanoate 
(Cis iso) 17.6 17.6 a 
16-Methyloctadecanoate 
(Cig anteiso) 18.8 18.7 
20-Methylheneicosanoate 
(Coo iso) 21.6 21.55 
* See Ref. 2. 


Pentadecanoate has, of course, a C-number of 15.0 on 
both columns; in addition, there may occur a second 
peak on Apiezon, C-number 14.7, whose percentage 
corresponds to the sum of the percentages of the two 
peaks on MAE with C-numbers 14.5 and 15.4. These 
have been therefore tentatively identified as due to 
C,; branched and C,; (mono-) unsaturated esters, 
respectively. Support for this identification comes from 
the observation that in some natural mixtures only 
one of the Ci; peaks occurs, having a C-number of 
15.4 on MAE and 14.7 on Apiezon. 

In this way several minor constituents of fatty acid 
mixtures have been provisionally identified on the 
basis of their two C-numbers alone, as shown in 
Table 3. The identification is based on the correlation 
of the results on MAE and Apiezon chromatograms of 
about 200 different lipid samples. The repeated ap- 
pearance of peaks of the same relative magnitude on 


the two phases and with constant, appropriately re- 
lated carbon-numbers establishes the existence and 
frequent occurrence of a definite unknown compound. 
It is then provisionally identified in accordance with 
the observed rules of behavior of branched and un- 
saturated esters; comparison with known samples 
where possible; and comparison with retention times 
reported in the literature, recalculated as carbon- 
numbers. Final confirmation of identity depends, of 
course, on further investigation of the isolated fraction 
or the use of hydrogenation, bromination, and ozonol- 
ysis procedures. For all the unsaturated acids shown in 
Table 3 the number of carbon atoms has been con- 


TABLE 3. Provistonat IDENTIFICATION OF SOME PREVIOUSLY 
Unreportep Farry Acips OccurrRING IN HuMAN ARTERY 
Lirips, BY DETERMINATION OF THE CARBON-NUMBERS OF 
Metuyt Esters ON DIFFERENT STATIONARY PHASES 


Observed Carbon-Number on 
Tentative Identification 
MAE * Apiezon * 
14.5 14.7 C,; branched 
15.0 15.0 C,; saturated 
15.4 14.7 Cis monoenoic 
16.6 16.7 Ci; branched (? anteiso) 
17.0 17.0 saturated 
17.3 16.7 Ci7 monoenoic 
20.3 19.6 Coo Monoenoic 
20.7 19.4 Coo dienoic 
21-1 19.2 Coo trienoic 
22.0 22.0 Co». saturated 
22.2 18.8 Coo pentaenoic 
22.3 21.7 Co. monoenoic 
23.0 23.0 C23 saturated 
24.0 24.0 Coq saturated 
24.3 23.6 monoenoic 


* Same conditions as in Table 1. 


firmed by fraction collection, hydrogenation, and 
rechromatography. 

Carbon-numbers represent, of course, no difference 
in principle from relative retention times. We suggest, 
however, that they indicate more immediately and 
vividly the position in the elution pattern of a com- 
ponent under discussion (and therefore bring mistakes 
and anomalies more readily to light). Instead of 
being unattached numbers, they are closely connected 
with the chemical constitution of the esters; and 
finally, they make unnecessary the arbitrary choice 
of a reference compound to which retention times 
can be related. If retention times of fatty acid methyl 
esters were always expressed in this way, direct com- 
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parison of retention values on different phases and 
from different laboratories would be possible without 
recalculation and often from memory. Such compari- 
sons have proved invaluable in this laboratory, and 
the results to which they have led will be reported 
subsequently. 


We acknowledge with gratitude the interest and 
encouragement of Prof. C. J. F. Bottcher. To Drs. W. 
Stoffel, E. Klenk, and E. V. Truter we are indebted 
for the provision of certain branched and unsaturated 
esters. 
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and triglycerides in rat plasma* 
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& By shaking human, dog, or rabbit plasma with 
chloroform in the presence of a synthetic zeolite, one 


* This investigation was supported by training grant HTS- 
5279 of the National Heart Institute. 

+ Present address: Department of Surgery, University of 
Florida, Gainesville, Fla. 
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obtains a phospholipid-free extract of cholesterol and 
triglyceride (1, 2). Cholesterol may then be quantita- 
tively determined by any one of the standard pro- 
cedures, while triglycerides are conveniently estimated 
by a determination of the glycerol after saponification 
(3). Similar experiments on rat plasma showed that 
the extraction of cholesterol or triglyceride was not 
quantitative unless the particle size of the zeolite was 
reduced to 80 to 100 mesh. 

Methods. Extraction of lipids was carried out as 
described by Van Handel and Zilversmit (3), except 
that the extraction was continued overnight. Stock 
Zeolite! was divided into 40 to 79 mesh and 80 to 99 
mesh sizes. Silicic acid column chromatography was 
applied to a purified chloroform extract as described 
by Van Handel and Zilversmit (3). 

Cholesterol was analyzed after KOH saponification 
and extraction with petroleum ether. In addition, 1 
ml. of plasma was analyzed by direct saponification, 
as in the method of Abell et al. (4). 

The cholesterol content of petroleum ether extracts 
was determined by the method of Zak et al. (5). Tri- 
glycerides of chloroform extracts were measured by 
the method of Van Handel and Zilversmit (3). Com- 
plete removal of phospholipids was evidenced in all 
extracts by phosphorus analysis according to Bartlett 
(6). The results are shown in Table 1. A better extrac- 
tion of cholesterol and of triglyceride was noted when 
the particle size of zeolite was decreased to 80 to 100 
mesh. Differences like the one described here were not 
found in human, rabbit, or dog plasma. It would seem 
that at least two differences could explain these obser- 
vations: (a) the cholesterol and triglycerides in rat 
plasma are chemically different from that found in 
other animals or (b) the cholesterol and triglycerides 
in rat plasma are more strongly bound to protein. The 


*Stock Zeolite-Taylor, obtained from W. A. Taylor Com- 
pany, Baltimore, Md. 


TABLE 1 
Experiment 1 2 3 4 
Method Cholesterol | Triglyceride | Cholesterol | Triglyceride | Cholesterol | Triglyceride | Cholesterol | Triglyceride 
mg./cc. mg./cc. mg./cc. mg./cc. mg./cc. mg./cc. mqg./cc. mg./cc. 

Zeolite 

Stock 0.331 0.359 0.416 0.609 0.517 0.928 0.449 0.780 

40-79 Mesh 0.451 0.485 0.465 0.718 0.562 0.966 0.512 0.780 

80-100 Mesh 0.605 0.584 0.589 0.843 0.697 1.011 0.618 0.861 
Silicic Acid Column 0.559 0.589 0.617 0.811 0.710 . 1.049 0.674 0.884 
Abell 0.580 0.619 0.709 0.690 
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latter explanation seems the more reasonable, since 
coarse zeolite, when added to a chloroform extract of 
rat plasma, did not appear to adsorb cholesterol or 
triglyceride. 


REFERENCES 


. Forbes, J. C. J. Lab. Clin. Med. 16: 520, 1931. 


2. Forbes, J. C., and H. Irving. J. Lab. Clin. Med. 16: 909, 
1931. 


3. Van Handel, E., and D. B. Zilversmit. J. Lab. Clin. Med. 
50: 152, 1957. 


4. Abell, L. L., B. B. Levy, B. B. Brodie, and F. E. Kendall. 
J. Biol. Chem. 195: 357, 1952. 


5. Zak, B., N. Moss, A. J. Boyle, and A. Zlatkis. Anal. Chem. 
26: 776, 1954. 


6. Bartlett, G. R. J. Biol. Chem. 234: 466, 1959. 


Stabilization of polyester stationary phases for gas- 
liquid chromatography 


JosePH Corse and Roy TERANISHI 
Western Regional Research Laboratory, 
Albany 10, California* 
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> The selection of stationary phases for gas-liquid 
chromatography at high temperature operation poses 
many problems. These problems center on the necessity 
for low vapor pressure, thermal stability, and a high 
separation factor of the stationary phases. With katha- 
rometer detectors the instability of the stationary 
phase frequently shows itself by the appearance of 
droplets (“bleed”) from the column outlet or, more 
commonly, by the falling off of column efficiency. With 
the introduction of very sensitive ionization detectors 
(1, 2) the bleed is detected long before any physical 
signs from the column are noticeable. The manifesta- 
tions are uncontrollable base line drifts and the de- 
velopment of “noise” at a level high enough to mask 
any peak and render further column operation imprac- 
tical. Capillary columns (3) with ionization detectors 
are even more susceptible to stationary phase insta- 
bility. This is because of their much greater sensitivity 
and the fact that there is only about 0.1 mg. of sta- 

* A laboratory of the Western Utilization Research and De- 


velopment Division, Agricultural Research Service, U.S. De- 
partment of Agriculture. 


tionary phase per foot of column length (0.01 in. I.D. 
columns). 


O Ri 
+Ht+s 
OH+ Ri 


OH 

R—C=0 + Ri-CH=CH—R,+H+ (EB) 


n—C_o_R, + + H+ (S) 


The development of polyester packings (4, 5, 6) has 
permitted the excellent fractionation of fatty acid 
methyl esters. However, different batches behave quite 
variably as regards stability (7). These esters could 
be expected to have free terminal hydroxyl groups or 
carboxyl groups. Generally, the residual condensing 
catalyst, i.e., p-toluenesulfonic acid, is also present. 
With hydrogen ions arising from either the catalyst 
present or the free carboxy] groups, it seems reasonable 
that acid-catalyzed ester interchange of the stationary 
phase within itself, solvolysis (S) with small amounts 
of water or alcohols in samples or elimination reac- 
tions (E) could occur. These reactions would split 
the polymer and eventually give rise to low-boiling 
products. 

To test the idea that hydrogen ions may be respon- 
sible for degeneration of the polymer, alcoholic solu- 
tions were treated on an ion exchange resin, Duolite 
A-4,! a weak base. Three hundred g. of polymer (6) 
prepared from succinic acid, diethylene glycol, and 
diglycerol (p-toluenesulfonic acid as catalyst) was 
dissolved in 3 1. of 70 per cent ethanol and passed 
through a Duolite A-4 ion exchange resin in a column 
7.5 cm. X 70 cm. About 10 1. of 70 per cent alcohol 
was used to wash the resin from the column. The 
alcohol was removed in vacuo and the residual oil 
heated at 50° C and 5 m. pressure overnight. Columns 

1 Mention of specific products does not imply endorsement 


by the U.S. Department of Agriculture over others of similar 
nature not mentioned. 
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packed with this material showed very little bleeding 
and column life was extended markedly. 

Columns prepared from stationary phases which 
were similarly treated, except for passage through the 
ion exchange resin, showed the instability otherwise 
regularly observed. However, when a column begins 
to show deterioration (excessive noise level of the 
background) it is damaged beyond recovery and should 
be repacked. 

Care should also be taken to remove the a-id from 
packing supports where they are used. It is customary 
to treat the Celite or Coo brick dust with hydrochloric 
acid, wash with water, and dry. Some improvement in 
the supports can be obtained by an aqueous ammonia 
treatment rather than aqueous sodium hydroxide (8) 
following the acid and water wash. Afterward the 
support is carefully washed and dried. 


J. Lipid Research 
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New Methods is a listing of recent and pertinent 
references to analytical lipid methods published in 
other journals. It is compiled by Norman S. Radin 
and H. A. Newman. (For Nos. 1-67 see JOURNAL 
oF RESEARCH, October, 1959.) 
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Notice of Meeting 


The Fifth Meeting of the International Conference on Biochemical 
Problems of Lipids will take place in Marseilles, France, July 21-23, 
1960. Subject: “The Enzymes of Lipid Metabolism.” Sections: (1) 
Techniques, (2) Hydrolysis, (3) Oxidative Degradation, (4) Biosyn- 
thesis. For information write Prof. P. Desnuelle, Faculté des Sciences, 


Place Victor Hugo, Marseilles, France. 


Author’s Correction 


In the article entitled “Scintillation Counter 
for the Measurement of Radioactivity of 
Vapors in Conjunction with Gas-Liquid Chro- 
matography,” by G. Popjak et al., in the Oc- 
tober, 1959, issue, footnote 1 (p. 34) gives 1172 
as the type number of the ratemeter specified. 
Please note that the correct type number is 
N. 622. 
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INSTRUCTIONS TO AUTHORS 


Scope: The JouRNAL oF Lipip RESEARCH, a quarterly, 
will publish original articles dealing with the chemistry, 
biochemistry, enzymology, histochemistry, and physiol- 
ogy of the lipids. The editors will favorably consider 
significant contributions in the field of lipid methodology 
and will encourage publication of sufficient details so that 
the methods can be reproduced. Clinical observations 
and nutritional data will be welcomed if they offer con- 
tributions in the above fields. In addition to original 
articles, the JOURNAL will contain review articles and a 
section, “‘Notes on Methodology,” dealing primarily with 
minor improvements in existing methodology. Notes on 
Methodology will not generally require a summary or 
subdivision into sections. A listing of new lipid methods 
published in other journals will also be provided. Al- 
though articles will be published in English only, it is 
hoped that the JourNAL will become a vehicle for inter- 
national communication. 


‘Preparation of manuscripts: All manuscripts, including 
tables and figures, should be submitted in duplicate. 
Manuscripts should be typewritten, double-spaced, with 
minimum page margins of one inch. The first page 
should be a title page, consisting of: title; author(s); in- 
stitution from which the paper is submitted, including 
the complete postal address(es) for mailing of proofs and 
reprint requests; and an abbreviated title for a running 
head (not to exceed 60 characters, counting the spaces 
between words). A notation should be made when the 
manuscript is intended for the Notes on Methodology 
section. Footnotes on the title page and those to tables 
should be indicated by non-numerical symbols (asterisk, 
dagger, double dagger, etc.), but in the text should be 
numbered consecutively and typed on a separate sheet. 

Manuscripts should be written in clear, grammatical 
English. Unusual abbreviations should be used as little 
as possible, and must always be initially defined. Each 
article should be preceded by a Summary, not to exceed 
200 words. Whenever possible, Methods, Results, and 
Discussion should be set forth in separate sections with 
appropriate headings. These headings should be in capi- 
tal letters, centered on the page; subheadings should be 
in lower case and underlined for italicizing in print. 

‘Tables should be typed on separate sheets and num- 
bered with Arabic figures. All tables should be self- 
explanatory. Draw graphs and diagrams in black ink. 

For the terminology of lipid enzymes the JouRNAL will 
follow the recommendations published in ‘‘Nomencla- 
ture of enzymes of fatty acid metabolism” in Biochemical 
Problems of Lipids, edited by G. Popjak and E. Le Breton, 
London, Butterworths Scientific Publications, 1956, p. 246. 

For the terminology of serum lipoproteins the JouRNAL 
will follow the recommendations published in Circulation 
Research 4: 129, 1956. 

The following are the accepted abbreviations for units 
of measurement: 


Units of Mass: 

kilogram kg. 
gram g. 
milligram mg. 
microgram ug. 
millimole mmole (not mM) 
micromole umole (not uM) 
Units of Concentration: 

molar (mole per liter) M 
millimolar mM 
micromolar uM 
Units of Length, Area, Volume, etc.: 

meter m. 
centimeter cm. 
millimicron mu. 
square centimeter cm.,? 
liter 
milliliter ml. 
cubic centimeter cc. or cm.? 
microliter pl. 
counts per minute cpm. 
millicurie mc, 
microcurie 


uC. 
°Cior: °F 

The expression mg.% should not be used, but should 
be written as mg. per 100 ml. For chemical nomenclature 
the JourNAL will follow the conventions of Chemical 
Abstracts. The superscript ® should follow all trade names. 
When necessary for identification of other specific mate- 
rials, use a footnote, including name and location of 
manufacturer. 

References should appear in numerical order through- 
out the text. Bibliographic references must be type- 
written, double-spaced, on a separate sheet, using the 
following style: 

FOR JOURNAL ARTICLES: Author’s last name, initials. 
Name of journal (abbreviated as in “List of Periodicals 
Abstracted,” Chemical Abstracts, Supplementary Issue to 
Volume 50, 1956) volume number: page, year. 

Example: Garn, S. M., A. B. Lewis and D. L. Pola- 
check. Sczence 128: 1510, 1958. 

FOR BOOKS: Author’s last name, initials. Title of Book. 
City, Publishing House, year, page number. 

Example: Adolph, E. F. Physiology of Man in the Desert. 
New York, Interscience Publishers, Inc., 1947, p. 420. 

FOR ARTICLES IN BOOKS: Author’s last name, initials. In 
Title of Book, initials and name of editor(s), City, Pub- 
lishing House, year, volume, page number. 

Example: Anker, H. S. In Methods in Enzymology, edited 
by S. P. Colowick and N. O. Kaplan, New York, Aca- 
demic Press, Inc., 1957, vol. 4, p. 779. 

(Note: In all references, reverse name and initials of 
first-named author only.) 

Mention of “unpublished experiments,” “personal 
communications,” etc., should be made as footnotes and 
not included in the references. References to papers which 
have been accepted for publication but not yet printed, 
are cited in the style as other references, followed by the 
words “‘in press.” 

Send manuscripts to the JOURNAL OF Lipip RESEARCH, 
University of Tennessee, Memphis 3, Tenn. 
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